THE 


| Philoſophical Works 


Of the Ho NOURAB L E 


ROBERT BOYLE Ela; 


Abridg d, methodiz d, and diſpos d under 
the GENE RAI HEADS 


} O F 
9 PHYS I cs, NATURAL-HISTORV, 
1 STAT ICS, CHYMISTRY, and 
Pz vues, ME DICINꝝE. 
1 f The whole illuſtrated with NOTES, containing the Improvements 
b | made in the ſeveral Parts of natural and experimental Knowledge, 
3 ſince his Time. 
I By PETER SHAW, M.D. 
| . — — 
VOL ik 
—— h IM Tt ** 
The SECOND EDITION, Corrected, 
I LON DO N: 
1 Printed Tor W. Innys and R. Mansy, at the Weſt End of St. Paul's; 
'Y and T. LoncMan, in Pater-noſter-Row 


M vpcc xxxv111, 


> 


” ” 1 
8 
now” * Te 2 ag Ss N as : 2 = 
. - * Wn” K 4 9 ., *" FREY 4 2 . 25 8 * a % "Sa " 8 r - — * 
7 2 , | 4 $ . * * 5 * 1 7 . _ * . 
— - - * 9 — A ow. « * — N 97 e * N r hed . — * 
C * * 0 * 4 
—_ 4 4 £ a \ 4 Ry * _— 4 * a _ OT * 4 a > 
CS -- —ʃ 
N — 7 S . a wy 
* 
= b | * | 
: ? 
i . - 
; | | | 
* : 
. 
8 ? 
- | | 
„ 5 
| , 1 - 
. * 5 
* a | t | 
1 | 
* : | | | 
1 t 1 1 
7 — 
f 
2 4 E# 
= 
. + : 
- f . | : | . N 
| p ] L * - 
F : v- a.” j . 
j j d — 0 — 8 
. . 9 — | - : 4 
| ' 8 
4 * 
* 
4 * 1 : % Y ' f 
1 - . 4 $ | - nw —— | 
x . 4 « — | L A | 
- * 1 1 » ' 1 . : 
" * * - „ f | | 1 
>; | R * | f 25 
3 | | | p 
. a r i . 4 . WW | 
. * Fl — » 3 
1 4 | * — 7 — 5 ; 
| | 1nd * = 1 
8 . ' «7 
— » x 1 * 2 1 F 
i * 7 = . oy ' -——_ 
. l t | 
4 5 p 4 . * * by 1 g 4 — 4 4 
- * > 4 . 5 * ; - 
. 9 * 7 » ; ; * 8 a 
| ; p : - 
_ * = 
: * % 4 
* 
| * N ' * \ : i 
- | «4 A 
* o . 7 * * 3 1 * kN 1 i 
7 . | p | 
* * . * ä Gs a — 2 
P K | | | 
> | | 1 . 4 PF. TY 3, 
| | ; * * ; * 
> 0 * 9 * : | — 
g f 1 3 2 . 
f 1 [7 — 8 f bs 
= | * 4 * 0 . 
* . - } | — 
/ þ -& : , = 
7 "oh 1 — 
= * , D | 4 
1 | 
: 4 7 1 
* * 1 a | 
* th. . * — % * 0 * 1 
; : 
* 


„ * 
„ „% „% „„ 
* 
. 
% 
* 


. 
—  —— 
* 


* Ex 
* 
o 
* 
* 
- 
— „ 


F 
: 
* 
— 
* 
. 


= 
L 
1 
* 
| 2 | ö f 1 * 
* * 5 | | ; 
R 1 | 
PRES . 
If 4 | 
> : | | 
l . | 
- . 
* 
- * 
: . 
> 
* - s 
: & 
. 4 1 | | 
* od 
* 
* 
. % " 
% 
* 


T O 


The RIeHT HONOURABLE 


The Earl of O R R E R F. 
My Lox, 


juſtly entitle your Lordſhip pa- 

tron to any deſerving producti- 
on of genius or ſtudy: But the volume 
here inſcribed to your Lordſhip, has a 
farther right to your countenance and 
favour; as not only treating of ſub- 
jects, for a thorough knowledge where- 
of your Lordſhip is become eminent; 
but being part of a work originally 
proceeding. from one, whole immortal 
name adds to the dignity of your il- 
luſtrious family. $54 


; V5 known parts and learning 


iv 


life, we muſt turn our eyes upon Four 


DE DICAT ION. 


Mr. Boyle ſurvives in his works; but 
if we would ſee him expreſsd by real 


Lordſhip, and your noble family, in 
whom reign, to perfection, the fine 
taſte, and the comprehenſive genius; I 
the candid, generous, and communica- 
tive temper, ſo eminently predominant 
in Mr. Boyle. T HF enn ON'1 


I am, CCC 
Aay it pleaſe your Lordſhip, 


wn Tour Lordſbip's moſt humbl 9 


moſt obedient, 
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aud moſs devoted Servant, 


© Peter Shaw. 
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10. The nature of blackneſs, 


THE 
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CONT 


E N T 8 


F TEE 


SECOND VOLUME. 


P HYSICS. 
Experiments and obſervations 
upon colours, 

SECT. I. | 

1 verſity of colours, what it 
ſignifies. Page 1 

2. Colour, what. 2 


3. Whether colours depend upon the 
ſurfaces of bodies. 5 

4. A blind man who diſtinguiſhed co- 
ours by the touch. 10 

5. Ho changes are produced in of 
lours, by liquors. 

6. Whether all bodies are rape, 7 


7. Whether objects are coloured in the 
dark? 2 


or imaginary? | ib, 
r 
9. 'The nature of whiteneſs. 2 


Vol. II. — 


11. The nature of whiteneſs and black- 

neſs ſhewn by experiments. p. 37 

12. An enquiry into the cauſe of 175 
neſs in the Negroes. 

13. Whiteneſs produced in chynicl 


precipitation. 46 


14. Whether black receives no other 


colour; and white all colours? _ 47 


15. Colours depend not on the _— 
tial forms of bodies. 


16. The chymical doctrine 4 lui 


cenſured, 
e UI. Wees 
17. Many changes of colour produced 
by one ſimple ingredient. 51 


18. Experiments made in a * 
room. 


19. Objecis viewed in different k kind; 1 


light. 


8. Whether emphatical colours 88 20. Experiments with the tinFure 15 


Lignum nephriticum. 59 


21. To find whether an acid or a ſul- 


phureous liquor predominates in a li- 
quor. 63 


7 22. Different colours obſerved in the 
ſame piece of 9. 


64 
23 


3 al, 
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23. The f imple and primary colours but 
Few. - 


P. 5 

24. The ſun's light flain'd with the co- 

lours of tranſparent bodies in paſſing 
thro* them. ib. 


25. Apparent colours compound as the 
genuine. 66 


26. — made with a colour d 


Nn. 67 
27. Timpid liquors may bord a 
ed vapours. ib. 


28. Several ways of producing a green 
with a blue and yellow. 6 


29. The manner wherein this colour 


may poſſibly be produced, 69 
30. The mixture of every yellow and 
every blue will not afford a green. 70 
31. Thecolours of the rain-bow exhibit- 
* ip very thin ſubſtances. ib. 
yrup of violets, and the juice of 
by a change of colour di- 
Pinguiſh an acid from an alkali. 71 


33. 7 be Production of a blue colour. 


+ - | 
34. Of a red. ib. 


35. What quantity of a limpid liquid a 


' pigment may tinge. 


74 
36. Acid, alkaline, and urinous ſalts, 


change the colours of many vegetable 


 produftions. | 1b. 
37. Changes of colour by digeftion, &c. 
particularly a redneſs. - 77 


| 38. Different effetts of an acid, in the 


production of colours, reconciled. 80 
9- The colours of the fumes of bodies, 
and of the ſubſtances — ferm, ob- 
ferved i in diſtillations, c. id. 
40. Various changes of colour, cauſed 


by ſaline ſpirits, in the tinftures of 
vegetables. 81 


41. A colour inantly e 1 Z 


Perfectly deſtroyed. 


83 
42. The c nical reaſon of this beno- 
5 jo 4 4 84 + Whether the nature of a thing be the 


43. The preceeding experiment varied. 


Menon. 


85 


. To find what kind of all, whether 
edominates 


or fixed, pr 
in an Mund liquor or 2 line . 


P. 
45. One body changed into more, 4 
different colours, by a colourleſs in- 
- gredient. 89 
46. Changes of colours produced in a 
dry, white body, by ſpring water. 91 


47. A permanent colour produc'd by a 


particular arrangement of parts. 92 
48. Various colours produced in diffe- 
rent parts of the ſame liquor. ib. 
49. Changes of colour may greatly de- 
pend upon the peculiar texture of the 
menſiruum. 94 
30. The different colours of metals in 
different ſtates. 95 
51. An eaſy method of examining ores. 
100 


32. The way of making — 
gems. 


53. Mineral ſolutions may give bs. 2— 


rent colours from their own. 101 
54. The method of preparing a yellow 
vegetable lac. ib. 
55. Alum, being a ſtrong * + diſ- 

ſolved by acid, may, when uſed as a 

Precipitant, te Wah, precipitated. 

102 


A free 3 into the vulgar 
notion of 


nature. 
8E T. I. 


wp H E vulgar notion of ngture 
eee to religion oy 


2. 2575 mY. ambiguity of the word na- 


ture. 


109 
3. Means of avoiding this ambiguity. 


"> > WAS 


law it receives fromthe creator. 111 
a, 5. Art- 
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5. Ariſtotle's definition of nature ob- 


© ſeure and unſatifaFory. p. 112 
TT TR OLee 
6. The rectived notion of nature, what ? 
Ii 


7. A new notion of nature, general 

E and particular, advanced. ib. 

IJ 8. Ill effefts of the vulgar notion of 
1 nature upon religion. 


ib. 
9. Reaſons againſt admitting the . | 
| 116 


notion nature. Ts 
10. The reaſons whereon the vulgar 
notion of nature depends, examined, 


WH 12. Axioms about nature, how far, and 

. in what ſenſe, ic be admitted. 134 

X 13. Whether every nature preſerves it- 
ib 


faf? nn th 
14. Whether nature never fails of. her 
end? | 135 
15. Whether nature always acts by the 
ſhorteſt ways? EPS 136. 
16. Whether ſhe always does what is 
„„ ht 
17. Whether nature abbors a vacuum? 
138 


19. Whether nature be a ſubſtance or 
an accident, body and ſpirit * 145 
20. The uſe and advantages of this 
enquiry. 148 


An enquiry into the final cauſes 
of natural things. 


SECT. A 


1. NX Hether the final cauſes of na- 
y V tural things are knowable 

to men? 150 
2. Final cauſes, what they may ſignify. 


4. Evident marks of deſign in the 


5 
11. The vulgar notion of @ criſis ex- 
amined. in | n 
S E Cr. III. 


18. Whether nature cures diſeaſes? 140 


151 


SECT. HI. 


3. Whether final cauſes are to be ex- 
petted in all, or only in ſome parti- 
cular bodies ? P. 159 

71 


Hure of the eyes, and other parts of 
animals. A 1617 
5. Chance, an imaginary being, 166 
6. Revelation allows us to ſpeak more 
poſitively of final canſes than natu- 
ral philoſophy. 168 


Ser. II. 

7. How inanimate bodies may att for 
ends wherewith they are unacquaint- 
ed, „ 170 

r.. 

8. How final cauſes are to be conſider- 
ed. 172 

9. A. to the celeſtial bodies. Þ. 

10. And thoſe that are terreſtrial. 175 

11. *Tis of ten allowable from the mani- 
feſt and appoſite uſes of the parts of 
animal bodies, 40 collect ſome of the 
particular ends, for which the crea- 
tor deſign*d them : and in ſome caſes 
from the known nature and ftrufture 
of the parts, to draw probable con- 
Jedtures about the particular offices of 
them. | 177 

12. 1t is rational, from the manifeſt 
fitneſs of ſome things to coſmical or 
animal ends, to infer, that . 

deere thereto ordain'd by an intelli- 
gent agent, 1 

13. We ought not to be haſty in canclu- 
ding npon the particular uſe Fl 4 
thing, or the motive which induced 

be author of nature to frame it in a 
peculiar manner. © 191 

14. The naturaliſt ſhould not ſuffer the 

ſearch, or diſcovery of final. cauſes, 
to make him undervalue or neglect 
the enquiry after their efficients. 194, 

a 2 Things 


g_—_— 


2. * diſcovering the exiſtence of God. 
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3. The immortality of the ſoul. p. 241 


Things above reaſon conſider d. 4. And ſettling the belief of a divine 


| T. I. 
F. Hings above reaſon of three 
| kinds. P. 197 
2. Incomprehen/ible. ib. 
3. Inexplicable. ib. 
4. Unſociable. 198 
5. Privileg d things what? ib. 
6. The imperfection of the human mind. 


ib. 


7. After what manner human reaſon 


acts. 200 
8. Whether men may, with juſtice, diſ- 


courſe of things above reaſon ® 204 


8 ECT. U. 
9. Rules for Judging of things above 
reaſon, 211 
10. The firſt rule. = 
11. A ſecond rule. etz 
12. A third rule for Judging of things 
above reaſon. 214 
13. A fourth rule. 216 
| + Reaſon what ? 218 
. A fifth rule. 221 


' 16 The fixth and laſt rule for judg- 
ing of things above reaſon. 225 


The philoſophical difficulties re- 


lating to the reſurrection con- 
ſidered. 


1. Reliminary obſervations. 229 


2. Identity; the * of 
conceiving it. 


3. The grand objection againſt the Ke. 


ſurrection. 231 
4. Anſwered. ib. 
The chriſtian virtuoſo. 


Xperimental philoſophy leads hb 
religion, in general. 239 


ib, 


13. We ought to believe ſeveral things 


providence. - . 242 
5. Experimental philoſophy draws the 
mind from ſenſual things. 240 
3 Gives it a docility. 247 
. And a fitneſs for ſearching into deep 
7 ibid. 
8. Experimental philoſophy leads to the 
„„ Biers religion in particular. 248 
22 kinds of experience. 249 a 
r/onal. 
I 11. Hiſtorical, | b 
12. And theological or ſupernatural, ib. 


upon the information of experience, 
mediate and immediate, which with- 
out that information, we ſhould judge 
unfit to be credited; or antecedently 
to it, actually judg'd contrary io rea- 
on. 250 
14. Weougbi to have a great and par- 
ticular regard to thoſe things that are 
recommended to our belief, by what 
we reduce to real, ibo ſupernatural 


experience, 253 


The high veneration man's in- 
tellect owes to God. 


* OD may have ſeveral attri- 


butes and perfections un- 

known to us. 264. 

2. Effefts of the divine power, 266 
3. The vaſt magnitude of the whole 
material World. ib. 


4. The prodigious quantity of motion 
= thereto and maintained there- 


267 

5. 'The wiſdom of God differently ex- 

preſſed. 269 

6. 1n the various contrivances of ani- 
mal bodies. 


ib. 
7. In the mutual uſefulneſs of his pro- 
ductions to each other. 270 


8. And 
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3. And in the forming and governing 


other ſyſtems beſides the ſolar. p. 270 


9. Still greater inſtances of power and 
wiſdom, in the formation and govern- 
ment of immaterial beings. 274 

10. Great inſtances of wiſdom in the 

* redemption f man. 275 

T1. The immenſe difference between the 
creator and his creatures. ib. 

12. The ſuperiority of the divine know- 

ledge to that of man. ib. 

13. The obligation that men are under 


1 venerale and contemplate God. 


| | Wo vs 299 
14. The manner wherein this is to be 
done. 280 


PRINTS: 


Hydroſtatical paradoxes proved 
and illuſtrated by experi- 
ments. 


1. oOfulata and Lemmata. 285 
2. Paradox I. 
In all fluids, the upper parts gravitate 
on the lower. 287 
3. Paradox II. 
A lighter fluid will gravitate upon a 


heavier. 293 

a Paradox III. 
If a body be wholly, or in part, immer- 
ſed below the ſurface of water, its 


liwer part will be preſſed upwards 


by the water contiguous to it, from 


beneath. 296 
ö Paradox IV. 

A competent preſſure of an external 
fluid is alone ſufficient to raiſe the 
water in pumps. 300 

6. Paradox V. 

The preſſure of an external fluid will 
keep an heterogeneous liquor ſuſpended 
at the ſame height, in tubes of very 
different bores. 301 


12. 


7. Paradox VI. 

The direft preſſure ſuſtain*d by a body, 
placed any where under water, with 
its upper ſurface parallel to the bori- 
2zon, is that of a column of water, 
whoſe baſe is the horizontal ſuper fi- 

cies of the body, and height ibe per- 
pendicular depth of the water : and 
if the water preſſing upon a body be 
contained in open tubes, its'prefſure 
is to be eſtimated by a column of the 
ſame, the baſe whereof" equals. the 
lower orifice of the pipe, and beight 
a perpendicular from thence to the 
top of the water: and this tho” the 
pipes ſtand obliquely, be irregularly 
aped, or wider in ſome parts than 

. the ſaid orifice; p- 303 

8. Paradox VII. | 

A body immerſed in a fluid, ſuſtains a 
lateral preſſure therefrom; which 
increaſes with the depth whereto it is 
plunged. | 307 

4 _ DI VIII. 
ater will as well depreſs, as ſupport 
a body ſpecifically lighter than itſelf. 


10. Paradox IX. = 
Notwithſtanding the doctrine of poſi- 
live levity, an oil, lighter than wa- 
ter, may be kept immerſed in that 
Auid. ts 310 

11. Paradox X. 

The aſcent and flux of water in ſiphons- 
are explicable, without ſuppoſing a 
Fuga vacui. ib. 

Paradox XI. 

The moſt ponderous body ave know, im- 
merſed in water io à depth exceeding 
that of twenty times its own thick- 
neſs, will float, if it be there fenced 
from the direct preſſure of the in- 
cumbent fluid, 311 


Hydro- 


The Contents of the Second Volume. 


SECT. I. 


e 4 applied to ores, and 
to the Materia Medica. 


1. Vils, their medicinal virtue 
PP | whence? | p. 314 
2. A new way of en W 
draſtatically. | 
3. Its foundation. b. 
4. Examples to illuſtrate the ductriue. 
315 
8. Preliminary obſervations With. re- 
gard to foils. Rib. 
6. To diſtinguiſh marcaſites from me- 
talline ores. 31 
7. Directions to find the beſt flux-pow 
ders for ores. 31 8 
8. Directions relating to the manage- 
ment of the bydroſtatical balance. ib. 
9. The hydroſtatical balance applied to 
ores, and firſt to gold-ore. 321 
10. All minerals 2 be corefull 
examined, and if en hydro- 
ſtatically, ,. 323 
11. How to examine earths or ſoft fub- 
. Rtances, bydroſtatically. 324 
12. Colour'd ſands and gravel. ib. 
13. Ores in general, and that of lead 
min particular. 325 


e. . 


44. The bydroftatical balance applied 
zo the Materia Medica; and firſt 
to the Lapis Hæmatites. 326 

15. To the Lapis Lazuli. ib. 


156. The magnet. „ i127 
17. Calamine. | ib. 
18. Red coral. ib. 
19. Pearl. ib. 
_ Calculi Humani. 328 
. And bezoar. ib. 
pon The hydroſtatical balance will di- 
ftinguiſh between bodies of the ſame 
denomination. ib. 
23. Between genuine ſtones and coun- 
_ gerfat. ib. 


24. And ſberv the genuineneſs and pu- 
rity of bodies. p. 329 

25. This method of examination appli- 

ed to fluids beavier than water, and 
-unapt jo mix therewith .; for in- 
ſtance, to mercun | 

26. To Powders 3 bo- 
dies. 331 

27. To bodies that will arfobve or — 
with water. 


28. Another way of Jnding the here 


. gravity of fluids. © 338 
29. The ſeveral, uſes — 334 


30. Still other methods for the ſame 
purpoſe. 3 

3 1. The uſe and advantages of weigb- 
ing one fluid in another. 337 

32. All waters nearly. of the ſame 
Weight. 


338 
33. To diſcover the magnitudes of o 
dies bydroſtaticalhy. ib, 


34. To gain the ſelidiry of a body bydro- 


ſtatically, tho? lighter than water. 
339 

35. What accuracy is to be expelted in 
Hydroſtatical experiments. 342 
36. A table of the ſpecific gravities of 
bodies compared with water. 344 


An hydroſtatical diſcourſe, by 


. way of anſwer to the objeRtions 
of Dr. More,and others, againſt 
ſome explanations of particular 
experiments ; with farther con- 


ſiderations thereon. 
S. K C T. I. 
Ecbanical ſolutions of pbeno- 
mena, what ? 347 
2. That the upper parts of fluids gra- 
vitate upon the lower. 348 


3. Demonſtrated by experiments. 350 
4. Water made to ſuppori a body of a 
much greater ſpecific gravity than 
itſelf | 353 
5. The 


3 
e 


be caſe. of divers with regard 1 

5 the preſſure of the water they . 
at great depths. : 

6. En 450 
weak and tender bodies. 335 

7. Au aftual preſſire at Ihe Wen 8B 
the ſea. | 3 11 

; S'E C''T:; 

8. Water actually weightd in water 
by common ſcales. © 200 

9. The relative levity of bodies under 
walter. 62 


10. Shewn by experiments hes Over - 
throw the dofrine of poſitive _ 


11. The preſſure of be air*s ſpring « on 
. bodies under water. 365 
12. Manifeſted by experiments. ib. 
13. Fluids preſs in a di ifferent manner 

from ſolids. 367 
14. Whence the weight of the almo- 

ſphere is not prejudicial to the bodies 


of animals. 368 
15. Experiments to illuſtrate and con- 
firm this doftrine. _ 370 


An eſlay-inſtrument, wherewith 
to examine if coin be adulte- 
rate or counterfeit. | 


3 N eaſy method of determining 


Ho pe gravities of fluids 
and ſolids. 372 


2. Applied to the + examination of coin. 
3. Aud other: mixed metals ch, 
527 A ſtatical hygroſope. 

4 ELECT. 


2 bodies prot poſed, ts di iſco- 


ver the 45 and moiſture 


F the air. 375 
2. A ſponge made chiice of. 376 


N 5 9 turned into a bygroſcope. ib. 


11 74 a 
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4. © p * made 
with it. p-. 376 
5. The uſe of bygroſcopes. ib. 
6. The nu of the Kate Heroſcope, 
to 'ſhew the different variations of 
_ weather in the ſame month , day, and 
„ 1 
7. A ſecond uſe, to ſhew bow much one 
year and ſeaſon is dryer or moiſter 
than anather. 378 
8, The third uſe, . to diſcover and com- 
pare ibs changes of the temperature 


; sf. the air, made by winds, froſty, 


nowy, and other weather. 379 

9. A feurth uſe, to compare the tempe- 

rature of di ifferent houſes, and A E 
rent rooms in the ſame houſe. 

10. A fifth uſe, to obſerve in a * 

the effetts of the preſence or abſence 

SM. + . 38r 


. The ſixib u 7 „ to keep a chamber 
we any afl. a ow of dryneſs. ib. 


—_— 
12. Tnſtances of the power of the ai. 
moiſture-at all ſeaſons. 382 
13. Upon animal ſubſtances. _ * 
14. Upon vegetables. 


15. Aud alſo pon metals and ning; 


4 
16, Tbe cord. -bygrometer. 3 5 


Fire and flame weight in a 


SEC T. L 
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3 4 , nnd included with the 1 9 
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ibid. 
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mention changeable taffaties, the blue and golden feathers on 
the necks of pigeons, and ſeveral water-fowl, natural and artificial rain- 
bos, Sc. the colours whereof philoſophers call not real, but apparent; 
we ſee that the contiguous feathers in various birds are ſome of them red, 
> others white, blue, yellow, Sc. and that in ſeveral parts of the ſame 
feather there is frequently the greateſt diſparity of colours: ſo in tulips, 
 july-flowers, and other vegetables, even ſeveral parts of the very ſame 
leaf are frequently found of different dyes; tho? no difference is obſerved 
in their other properties. And ſuch a variety we have much more remar- 
= kably in the marvel of Peru; for of the great profuſion of fine flowers 
which that gaudy plant affords, I have ſcarce obſerved any two dyed per- 
fectly alike. But tho? ſuch particulars keep me from affirming, that a 
2X diverſity of colours always denotes ſome great difference in bodies, yet that 
it often ſignifies conſiderable alterations in the diſpoſition of their parts, 
appears from the extraction of tinctures, wherein the change of colour is 
the chief, and ſometimes the only thing by which the artiſt regulates his 
procedure in their preparation. Inſtances of this are alſo obvious in ſeve- 
ral ſorts of fruit, wherein according as the vegetable ſap is ripened, by 


paſſing from one degree of maturation to another, the external part of- 
Yor. Il. B | the 


I S often thought that a diverſity of colours conſtantly argues n;,,, ry #«0- 
an equal diverſity in the nature of the bodies wherein they re- Jours, what it 
ſide: but I cannot wholly give into this opinion. For not toe. 


2 Experiments and Obſervations 
Paysrcs. the fruit changes from one colour to another. A leſs obvious inſtance 
olf this kind is afforded us by. the method of tempering ſteel for gravers,. 

drills, {prings, Sc. which is this. Firſt, the ſteel. to be tempered is har- 
dened, by heating it in glowing coals, and not quenched as foon as taken 
from the fire, but held over a baſon of water till it deſcend from a white 
heat to a red one; when tis immediately quenched in cold water. The 
ſteel thus hardened will, if it be good, look whitiſh ; and being brigh- 
ten' d at the end, and held in the flame of a candle, that the bright end 
may lie about half an inch diſtant from the flame, it will ſwiftly paſs from 1 
one colour to another, as from a bright yellow to a deeper and reddiſh 9 
yellow, from that to a fainter firſt, and then to a deeper blue; each of 5 
which ſucceeding colours argues ſuch a change made in the texture of tage 
ſteel, that if it be taken from the flame, and immediately quenched in tal- . 
low, whilſt it is yellow, it will be of ſuch a hardneſs as fits it for drills; XR 
Sc. but if kept for a few minutes longer in the flame, till it turns blue, it 
becomes much ſofter and proper to make ſprings for watches ; which are- 
therefore commonly of that colour; laſtly, if you keep the ſteel in the flame 
after the deep blue has appeared, it will grow too foft even for penknives. 
Any perſon may eaſily fatisfy himſelf of the different hardneſs of ſteel of * 
different colours, either by the file, or by breaking ſome ſlender wires thus 7 
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tempered, and obſerving how they vary in point of brittleneſs. ö ; 
Colour,ohat®? But before we deſcend to a more particular conſideration of our ſub- 1 
ject, tis proper to obſerve, that colours may be regarded either as a qua- 4 
lity refiding in bodies to modify light after a particular manner, or elſe "* 
as light itſelf ſo modified as to ſtrike upon the organ of ſight, and cauſe bo 
the ſenſation we call colour; and that this latter is the more proper accep- t 
tation of the word colour, will appear hereafter. And indeed it is the 19 
light itſelf, which after a certain manner, either mixed with ſhades, or d 
otherwiſe, ſtrikes our eyes, and immediately produces that motion in the p 
organ which gives us the colour of an object. Yet becauſe there is in the t 
7 wr fl 
The words of Sir Jſaac Newton excel- | © diſpoſition to ſtir up a ſenſation of this or 1 
lently clear and illuſtrate this matter. The | that colour; for as ſound in a bell, or mu- * 
„ homogeneal light and rays (ſays that great] fical ſtring, or other ſounding body, is no- W ey 
* philoſopher) which appear red, or rather | © thing but a trembling motion, and in the = 7 
make objects _ ſo, I call rubrific, or | air nothing but that motion propagated on ey 
« red-making ; thoſe. which make objects from the object, and in the ſenſorium tis no 
«« appear yellow, green, blue, and violet, | “a ſenſe of that motion under the form of in 
I call yellow- making, green- making, blue- | ** a ſound ; ſo colours in the object are no- 6 && 
making, violet-making, c. And if at | thing but a diſpoſition to reflect this or # cit 
« any time I ſpeak of light and rays as co- | that ſort of rays more copiouſly than the == cit 
* loured, or endued with colours, I would | ** reſt; in the rays they are nothing but 1 vel 
* be underſtood to ſpeak not philoſophically | <* their diſpoſitions to propagate this or that A 
« and properly, but groſly, and according | © motion into the ſenſorium, and in the 1 Fe 
&* to ſuch conceptions as vulgar people would | © ſenſorium they are ſenſations of thoſe mo 
«© be apt to frame. For the rays, to | tions under the forms of colours. Neroton. ſpe 
«« properly, are not coloured. In them there | Optic. p. 108, 109. | 1 * 
. | 4 


is nothing elſe than a certain power and 


coloured 


| coloured body a certain diſpoſition of the ſuperficial particle 
light reflected or refracted to our eyes, colour may alſo; in ſome ſenſe, be 


upon COLOURS. 


ſaid to depend upon the viſible body; and therefore I ſhall not reject the 


ular form of ſpeaking of colours, provided we may have recourſe occa- 


fionally to the diſtinction laid down. But ſtill colour is ſo far from being 
inherent in objects, that light itſelf produces the ſenſation only as it cauſes 


a determinate kind of local motion in ſome part of the brain; for if the 
like motion happen from any other cauſe, wherein the light is unconcerned, 
a min ſhall think he ſees the ſame colour“. Thus it is uſual in dreams to 
fancy we behold coloured images; and the ſtrange imaginations of di- 
ſtracted perſons, with the flaſhings of light, and other appearances, upon 
ſome diſorders of the brain, farther confirm this particular. 


The like effect may alſo be produced from internal cauſes which affect 


the optic nerve; for I remember in myſelt that, upon coughing with vehe- 
mence, ſudden flaſhes of vivid flame have appeared, as it were, before 
my eyes +. And a lady, to whom I am related, aſſured me, that all the 
objects of her ſight, once, of a ſudden, appeared of various unuſual co- 
lours, ſurprizingly bright and vivid; which ſymptom was, the next day, 
followed by a fit of the hyſteric diſeaſe. The like ſymptom a phyſician 
alſo informed me he had obſerved to be a certain prognoſtic of the plague, 
in a ſeaſon when that diſtemper raged ; but that it generally went off after 
the exhibition of an emetic. As an appearance of colour may, there- 


fore, be produced by internal motions, without the aſſiſtance of an ex- 
ternal object; ſo the colour, which would otherwiſe be produced by an 


outward object, may, poſſibly, be ſometimes changed by a motion or new 
texture in the organ, as long as that motion or new diſpoſition continues. 
Thus I have often obſerved, upon looking at the ſun thro? a teleſcope, 


darkened ſoas to make the ſplendor of that luminary ſupportable, the im- 
preſſion upon the retina, would nevertheleſs be ſo vivid and permanent, 


that if afterwards I turned the eye, therein made uſe of, towards a 
flame, it would appear of a colour very different from its natural one. 


* "Tis certain, that whenever the fame | colours like thoſe in the feather of a pea- 
eye is affected twice alike, viſion will be the | cock's tail. If the eye and the finger re- 
ſame in both caſes; but different when the | main quiet, theſe colours vaniſh in a ſe- 
eye is differently affected. And this is a juſt, | * cond minute of time; but if the finger 
not an imaginary, foundation for diſtinguiſh- | be moved with a quavering motion, th 
ing red light from blue, yellow from green, | appear again. Do not theſe colours ariſe 
Sc. for that is properly a red light which ex- | from ſuch motions excited in the bottom 
cites in us the idea of red, a blue which ex- | of the eye by the preſſure and motion of 
cites in us the idea of blue, c. Theſe ſe- | © the finger, as at other times are excited 
veral colours, therefore differently affect the © there by light for cauſing viſion ? And 


2 and conſequently have different diſpo- do not the motions, once excited, conti- 


tions. nue abont a ſecond of time before they 
+ To this purpoſe Sir Iſaac Newton | © ceaſe? And when a man by a ſtroke upon 
ſpeaks thus: en a man in the dark, | his eye ſees a flaſh of light, are not the 
© ſays he, preſſes either corner of his eye | like motions excited in the retina by the 


„with his finger, and turns his eye away | ſtroke ? Newton, Opt. p. 321, 322. 
from his finger, he will ſee a cucle of th gs 
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Physics. And if I ſeveral times ſucceſſively ſhut and opened the fame eye, 


Experiments and Obſervations 


'ne colour ſeem'd changed or impaired by degrees; till at length the flame 


appeared to me of the ſame colour it did to other ſpectators. The like 
effect I have alſo found by looking upon the moon, when near the full, 
thro* a teleſcope, without employing a coloured glaſs to defend the eye. 
And here *tis remarkable, that tho* my right eye, with which I looked 
thro* the teleſcope, were thus affected by the light, yet if I ſhut that eye, 
and looked upon the fame object with the other, it appeared of its uſual 
colour; but if I again opened and made uſe of the dazzled eye, the vivid 
adventitious colour would again return. Tis further obſervable, that a 
vehement blow upon the organ of viſion, eſpecially if it be naturally weak, 


may for a long time vitiate the action of vivid objects. I know a lady of 


unqueſtionable veracity, who having, by a deſperate fall, received ſeveral 
hurts, and particularly a conſiderable one near her eye, had her ſight fo 
diſordered, that the next morning, when one of her ſervants came to 
her bed-ſide, his clothes appeared adorned with ſuch a variety of dazzling 
colours, as preſently obliged her to command him to withdraw; and even 


the images in her hangings did, for many days after, appear to her, it 


the room were not greatly darkened, embelliſhed with ſeveral offenſively 
vivid colours, which nobody elſe could ſee in them. She faid alſo, that 
ſhe ſometimes thought ſhe ſaw colours ſo new and glorious, that they were 


of a peculiar kind, and ſuch as ſhe could not deſcribe, by their likeneſs, 


to any ſhe had ſeen either before or ſince ; and that white objects greatly 
diſordered her ſight ; that for ſeveral days after her fall, if ſhe looked up- 
on the inſide of a book, ſhe fancied ſhe there ſaw colours like thoſe of a 
rainbow. And even when ſhe ſeemed pretty well recovered, and left her 
chamber, happening to come into a place where the walls were white, 
they appeared to her of ſuch dazzling colours as much offended her fight. 
She added, that this diſorder of her eyes laſted for five or ſix weeks; tho? 


ſince that time ſhe hath been able to read and write conſiderably, without 


finding the leaſt inconvenience. A man of great learning coming to ad- 
viſe with me about a diſtemper in his eyes, told me, that having once 
looked too attentively upon the ſun thro? a teleſcope, without a dark glaſs, 
the exceſs of light ſo ſtrongly affected his eye, that ever ſince, when he 
turns it towards a window, or any white object, he fancies he fees a globe 
of light about the ſame bigneſs the ſun then appeared to him ; tho? it were 
now ten years ſince he firſt obſerved it. *T were eaſy from ſome remark- 
able ſymptoms, obſerved by Epiphanius Ferginandus, in perſons bitten by 
the tarantula, to ſhew, that without any change in the object, an altera- 
tion in the inſtrument of viſion may, for a great while, make ſome colours 
appear delightful, and others diſagreeable, and both to a high degree; 
tho' they had no ſuch effects before. But theſe already mentioned may 
ſuffice for our preſent purpoſe. _ by 
We before obſerv'd, that colour may, notwithſtanding all this, be 
conſider'd as a quality reſiding in the body ſaid to be colour'd ; and indeed 
moſt of the follow ing experiments refer to it principally under that * 
| | or 


this 


upon Colours 5 
For there is in colour'd bodies, and chiefly in their ſuperficial parts, a cer- Paysrcs. . 
tain diſpoſition whereby they diſturb * the light that comes from them to 
our eye, ſo as to make that diſtin& impreſſion, upon whoſe account we ſay 

the viſible body is either white or black, red or yellow. But becauſe we 

ſhall hereafter more fully ſhew, that the changes, and conſequently the 
production and the appearance of colours often depend upon the continua- 

tion or alteration of the texture of the object, we ſhall here previouſly in- 

timate two or three particulars relating to this matter. And firſt, it is Whether co. 
not without reaſon, that I aſcribe colour chiefly to the ſuperficial parts of /%7 _ : 
bodies; for, not to examine how plentifully opake corpuſcles may abound e, of bodies. 
even in thoſe bodies we call diaphanous, it is plain, that we ſee little elſe 

than the ſuperficies of dark objects; for if we found the rays of light re 
flected from the object, pierc'd deep into the body, we ſhould not judge 

| it opake, but either pellucid or ſemi-diaphanous F. 

* The ſchools ſeem to teach, that colour is a penetrating quality, reach- 

8 ing to the innermoſt parts of the object; as if a piece of ſealing- 

- wax be broken into ever ſo many pieces, the internal fragments will 
C 


be as red as the external ſurface. This is indeed a particular example; 
but it will not overthrow the foregoing doctrine; eſpecially ſince other 
examples of a contrary nature may be alledged. And two or three 
- negative inſtances are ſufficient to overthrow the generality of a poſitive 
rule; at leaſt when that is built but upon one, or a few examples. Not 
then to mention cherries, plums, &c. wherein the skin is of one colour, and 
the inſide of another; I ſhall offer an inſtance or two of the colours of du- 
rable bodies, that are thought tolerably homogeneous, and whoſe parts are 
neither organical, nor of a nature approaching, thereto. And firſt, I 
need only repeat, that blue, red, and yellow may be produced upon 
a piece of temper'd ſteel : for theſe colours, tho? very vivid, yet if you 
break the metal they adorn, will appear to be ſuperficial ; not only the 
innermoſt parts of the ſteel, but thoſe within a hair's breadth of its ſuper- 

l- flicies, having none of theſe colours, but retaining that of the metal itſelf. 


8 = Secondly, we melted a large quantity of pure lead with a ſtrong fire; then 
e immediately pouring it into a clean iron veſſel, and carefully and nimbly 
)e * It follows from Sir Jſaac Nerwton's diſco- © by the power of imagination, or by ſtri- 
te = veries, relating to light and colours, that all | © king or preſſing the eye.“ Newton. Optic. 
4 = the productions and appearances of them in | p. 219. | 

the world are derived not from any phyfical | + Perhaps all opake bodies, when reduced 
57 change cauſed in light by reſraction or re- ſufficiently thin or fine, will appear tranſpa- 
* flection, but only from the various mixtures rent, if viewed againſt the light. This evi- 
Irs or ſeparations of rays, by virtue of their dif- | dently happens, when metals are diſſolved in 
4 ferent refrangibility or reflexibility. And in | proper menſtrua; when gold is beat thin; 

ö this reſpect, ſays that great author, © the | when ink aſcends in ſlender glaſs tubes; when 

ay 2 ſcience of colours becomes a ſpeculation | an opake ſtone, or other object, is viewed 

"As truly mathematical as any part of op- thro” a hole made in the window ſhutter of a 
. . tics, ſo far as they depend on the nature | dark room, c. 
| of light, and are not produced or altered | 


taking 
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Paysrcs. taking off the ſcum, we perceiv'd the ſmooth gloſſy ſurface of the melted 14 
G mnatter to be adorn'd with a very delightful colour, which almoſt imme- 5 
diately gave place to another vivid one, that was as immediately ſucceeded | 
by a third, and this by a fourth. Thus theſe wonderfully vivid colours 
ſucceſſively appear'd and vaniſh'd, till the metal cooling, put a ſtop to this 4 
pleaſant ſight; tho? the colours which chanced to adorn the ſurface, when 8 
the lead began to cool, remain'd upon it, but were ſo ſuperficial, that 4 
how little ſoever we ſcraped off from the ſurface of the lead, all the colout 
came away, and diſcovered only that which is natural to the metal. But 
unleſs lead be brought to a very high degree of fuſion or fluidity, the phe- 
nomena will ſcarce appear. However, the ſame colours did neither always, 
nor regularly, ſucceed one another, as is uſual in ſteel; but in the follow- . 
ing diverſify*d order, which paſſed ſo ſuddenly, that I was ſcarce able to 
commit it to paper; blue, yellow, purple, blue, green, purple, blue, 
yellow, red, purple blue, yellow and blue, yellow, blue, purple, green 
mix*d, yellow, red, blue, green, yellow, red, purple, green. To the ſame 
purpoſe I might add, that viewing a ſphere of rock cryſtal, which was ſawn 
aſunder by a lapidary, and rows: d. the flar ſurfaces to the ſun beams, the 
little particles that, notwithſtanding their ſeeming ſmoothneſs in the ſhade, 
render'd their ſurfaces rough, ſo refracted and reflected the light, as to ex- 
ceed the vivid colours of the rainbow; but in an interrupted order, ſome- 
times on one part of the ſurface, ſometimes on another, as it happen'd to be 
ſituated with regard to the ſun. And having cauſed a fine - grainꝰd touch- 
ſtone to be ſawn aſunder by the ſame artificer, I obſerved upon the new ſur- 
faces, tho? to the touch they ſeem'd ſmooth and poliſh'd, the vivid co- 
lours, as above-mention*d, according as the ſurfaces were put into various 
poſitions, in reſpect of the ſun and the eye; ſo that, notwithſtanding the 
great tranſparency of the cryſtal, and the great opacity of the touch-ſtone, 
their ſuperficial corpuſcles were found fit to exhibit the vivid colours we 
admire in the rain-bow. 
The atomiſts of old, and ſome learned men of late, have attempted to | 
explain the variety of colours in opake bodies from the various figures of * * 
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many bodies, that ſeem ſmooth to our naked eyes, little protuberancies 
riſing above that which may be conceiv'd to be the plain of the ſurface ; 
as alſo numerous depreſſions beneath that level. And of this ſort of ca- 
vities we have, by the help of an excellent magnifier, on the ſurface of a 
thin piece of cork, that appeared ſmooth to the eye, obſerv'd ſixty in a 
row, within the compaſs of that glaſs, tho* not above 4 of an inch; 
and theſe too, which made that little piece of cork look almoſt like an 


empty 


their ſuperficial parts. The attempt is indeed ingenious, and the doctrine b 
ſeems partly true; but I confeſs other things appear to me neceſſary to be ſy 
taken in, as contributing to thoſe different forms of aſperity whereon the 
colours of opake bodies depend. Burt in order to prove it, we muſt aſſume, * 
that the ſurfaces of all ſuch bodies, how ſmooth ſoever they may appear t 
to our ſight and touch, are only ſo in a popular, or a phyſical ſenſe. The N K 
truth hereof is evident from the uſe of microſcopes, which ſhew us in 3 N 
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empty honey comb, were not only very diſtinct, and of ſimilar figures, Pays1cs. 


hu conſiderably large, and prodigiouſly deep; ſo that their diſtinct ſna LY Www 


ows and ſides were very conſpicuous, and eaſily to be reckoned, and 


might have been well diſtinguiſhed, had they been ten times leſs than they 
were : whence we may make ſome eſtimate, what a ſtrange inequality, - 


and what a multitude of little ſhades there may really be in a ſcarce ſen- 


fible part of a phyſical ſuperficies, tho? they remain inviſible to the naked 


eye. There are alſo ſeveral experiments which confirm the ſame thing in 


5 | other like ſubſtances: ſo that every ſenſible part of an opake body, may 


be conceiv'd to conſiſt of a multitude of corpuſcles ſingly inſenſible. 
But in giving theſe ſurfaces a diſpoſition to alter the light reflected 
thence to the eye, after the manner requiſite to make the object appear 


Ty colour'd, the figures of theſe particles have a great, tho? not the only ſhare. 


Tis true indeed, that the protuberant particles may be of very various 


figures, ſpherical, elliptical, conical, &c. according to the nature whereof, 
and the ſituation of the lucid body, the light muſt be variouſly affected; 
as, after one manner from ſurfaces conſiſting of ſpherical, after another 
from thoſe made up of conical or cylindrical particles; ſome being fitted 
do reflect more of the incident rays * of light, others leſs; and ſome to- 


* wards one part, others towards another. But beſides this difference of 


figure, many other things may greatly concur to vary the forms of aſpe- 


' rity, whereon colours have ſo great a dependance: for allowing the figure 
of the particles, the ſuperficial ones may be bigger in one body, and leſs 
in another; and conſequently fitted to allay the light falling on them 
with greater ſhades. The protuberant particles may alſo be ſet at a 
greater or a ſmaller diſtance from one another in different parts; and how 
= theſe qualities may ſerve to produce colour, we may gueſs from what hap- 
pens in the agitation of water; for if the bubbles that are thereby made, 
be large and few, the water will ſcarce acquire a ſenſible colour; but if 


it be reduced to a froth, which conſiſts of bubbles very minute, and conti- 
guous to each other, it exhibits a very manifeſt whiteneſs. Beſides, it is 
not neceſſary that the ſuperficial particles which exhibit one colour, ſhould 
be all of the ſame ſhape ; but different figures may be mixed upon the 
ſurface of the opake body: as when the corpuſcles that make a blue 
colour, and thoſe that make a yellow, come to be accurately and skilfully 
united, they afford a green; which tho? it ſeem one ſimple colour, yet in 
this caſe appears to be made by the union of corpuſcles of very different 
kinds. Moreover, the figure and magnitude of the little depreſſions, cavi- 
ties, furrows, or pores, intercepted betwixt theſe protuberant corpuſcles, 
are as well to be conſider'd, as the ſizes and ſhapes of the corpuſcles them- 


Sir Iſaac Netwton proves, that the cauſe 
of reflexion is not the impinging of light on 
the ſolid or impervious parts of bodies, as is 
commonly ſuppoſed; and makes it probable, 


that the reflexion of a ray is effected not by | 


I 


a fingle point of the reflecting body, but by 
ſome power of the body which is evenly 
diffuſed all over its ſurface, and by which it 


acts upon the ray, without immediate contact. 


Newton. Optic. p. 237 =——z41. 
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ſelves. 


Physics. ſelves. For we may conceive the phyſical ſuperficies of a body to be 
horixontally cut by a mathematical plain; and then, as ſome parts of that 
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phy fical ſuperficies will be protuberant, or ſwell above the plain, ſo others 


may be depreſſed beneath it. Thus in many places of the earth's ſurface, 


there are hills, trees, Sc. rais'd above the horizontal level of the valley; 
and rivers, wells, pits, and other cavities, depreſſed beneath it. And that 
ſuch protuberant and cancave parts of a ſurface may remit the lights ſo dif- 
ferently as greatly to vary a colour, we ſhall ſee hereafter. But at preſent 
it may ſuffice to ſay, that the different degrees or kinds of aſperity in the 
two flat ſides of the ſame piece of red marble, the one whereof is poliſhed, 
and the other left rough, will ſo diverſify the light reflected from the ſeveral 
different plains to the eye, that a painter would employ two different colours 
to repreſent them. The ſituation alſo of the ſuperficial particles is conſi- 
derable. This I diſtinguiſh into the poſture of the ſingle corpuſcles, in 
reſpect of the light, and of the eye; and the order of them in regard to 
one another: for a body may reflect the light otherwiſe, when its ſuper- 
ficial particles are more erect upon the plain conceiv'd to paſs along their 
baſis; and when the extremities of ſuch particles are obverted to the eye, 
than when thoſe particles lie ſo inclined, that their ſides are in great 
meaſure diſcernible. Thus the colour of pluſh or velvet will appear va- 
rious, if you ſtroak part of it one way, and part another; the poſture of 
the particular threads in regard to the light, or the eye, being thereby 
varied. And 'tis obſervable, that in a field of ripe corn, blown upon by 
the wind, there will appear waves of a colour different from that of the 
reſt of the corn; becauſe the wind, by depreſſing ſome of the ears more 
than others, cauſes one to reflect more light from the lateral and ſtrawy 
parts than another. Thus when dogs are ſo enraged, as to erect the hairs 
upon their necks, and other parts of their bodies, thoſe parts ſeem to ac- 
quire a colour different from that of the ſame hairs, when, in their uſual 
poſture, they lay more inclined. And that the order wherein the ſuper- 
ficial corpuſcles are ranged is conſiderable, we may gueſs by the turning of 
water into froth, the beating of glaſs, and the ſcraping of horn; in which 
caſes the corpuſcles that were before ſo marſhall'd, as to be tranſparent, 
become, by a diſturbance of that order, diſpoſed to ſtop and reflect more 
light, and thereby to appear whitiſh. 

There are alſo other ways wherein the order of the protuberant parts, 
in regard to the eye, may greatly contribute to the appearance of a parti- 
cular colour: for I have often obſerved, that when peaſe have been planted 
or ſet in parallel lines, and are ſhot up about half a foot above the ſurface 

of the ground, by looking on the field where they grew along the lines 
they ſtood in, much the greater part of the ground appeared of its own 

dirty colour; but if I view'd the field tranſverſly, it would appear very 

green; the upper parts of the peaſe concealing the intercepted parts of the 

ground'from the eye. And perhaps even the motion of the ſmall parts of 

a viſible object may in ſome caſes contribute, tho? it be not eaſy to ſay 

how, to the production or variation of a colour : for I have ſeveral times 

| | made 
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made a liquor, which, when well ſettled in a cloſe vial,” is tranſparent Pxvsies. 
. 125 9 but as ſoon as the glaſs is unſtopped, begins to fly away LCSW 
very plentifully in a white, opake fume: and there are other bodies, whoſe 


fumes, when they fill a receiver, would make one ſuſpect it contain'd 


milk; and yet theſe fumes become a liquor that is not white, but tranſ- 


parent. And ſuch white fumes I have ſeen afforded by unſtopping a liquor, 


IT which is itſelf diaphanous and red; nor are theſe the only inſtances of 


this kind that our experiments can ſupply us with. And if the ſuperficial 
corpuſcles be of the groſſer ſort, and ſo framed, that their differing ſides 
may exhibit differing colours, then the motion or reſt of thoſe corpuſcles 


may be conſiderable, as to the colour of the ſuperficies they compoſe; be- 
7 cauſe ſometimes more, ſometimes fewer of the ſides diſpoſed to exhibit ſuch 
a colour, may by this means become or continue more obverted to the eye 
than the reſt, and compoſe a phyſical ſurface more or leſs ſenſibly inter- 
© rupted. Thus I remember, that in ſome ſorts of plants, whoſe leaves were 
thick ſet by one another, and the two ſides of each leaf of a ſomewhat dif- 
& ferent colour, there would appear a notable difference in their colour, if 
2X look'd upon, firſt when the leaves being at reſt, had their true upper ſides 
obverted to the eye; and again, when a breath of wind paſſing thorough 
them, made great numbers of the ſides of the leaves, that are uſually hid- 


den, become conſpicuous. And tho? the little bodies above mentioned, 
may ſingly and a-part ſeem almoſt colourleſs; yet when many of them are 


plwaced by one another ſo near, that the eye does not diſcern an interruption 
in a ſenſible ſpace, they may exhibit a colour: as we ſee, that tho' a ſlender 
thread of dy'd ſcarlet ſilk, whilſt look*d on ſingly, ſeems almoſt quite devoid 
of redneſs; yet when numbers of theſe threads are brought together into a 
& skein, that colour then becomes glaring. And in changeable taffaties, where 
we ſee differing colours ariſe and vaniſh upon rufling the ſame piece of ilk ; 
I have often, with pleaſure, obſerved, by means of a convenient microſcope, 

*their component threads to paſs under and over each other, in almoſt in- 
numerable points: and if I thus look'd upon any conſiderable portion of 
the ſtuff that, for example, appeared red to the naked eye, I could plainly 


ſee, that in ſuch a poſition the red threads were conſpicuous, and re- 


flected a vivid light: and tho? I could alſo perceive that there were green 
ones, yet, by reaſon of their diſadvantageous poſition in the phyſical 

ſurface of the ſilk, they were in part hid by the more protuberant threads 
of the other colour; and, for the ſame reaſon, the reflection from as much 
of the green as was diſcover'd, appear'd but dim and faint. And if, on 


the contrary, I look*d thro* the microſcope upon any part that appear'd 
green, I could plainly ſee the red threads were leſs fully expoſed to the 


eye, and obſcured by the green ones, which, therefore, made the predomi- 
IF nant colour. And by obſerving the texture of the ſilk, I could eaſily ſo 

Xx <xpole the threads either of the one colour or the other to my eye, as at 
2X pleaſure to exhibit the appearance of red or green, or make thoſe colours 
IX ſucceed each other: ſo that, obſerving their ſucceſſion, I could mark how 
the predominant colour ſtarted up, . the threads that exhibited it, 


Vol. II. ; came 
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Paysrics. came to be advantageouſly placed; and by making little folds in the 
u nufffaty, the ſides that met, and terminated in them, would appear to the 
naked eye, the one red, and the other green. And when threads of 
more than two differing colours chance to be interwoven, the reſulting 
changeableneſs of the taffaty may alſo be ſomewhat different. And per- 
haps it were proper to try whether the microſcope would give us the 
reaſon of the variableneſs of colour, that is ſo conſpicuous in mother of 
pearl, opals, &c. Tis true indeed, that what I here propoſe concerning 
the different forms of aſperity in bodies, whence the incident light either 
comes to be reflected with more or leſs of ſhade, and with that ſhade 
more or leſs interrupted, or happens to be otherwiſe modify*d, is but 
conjectural; yet I am apt to fuſped, that if we had perfect microſcopes “, 
we might diſcern in the phyſical ſurfaces of bodies, both a great many 
latent inequalities, and the particular ſize, figure, and ſituation of the 
extremely little bodies that cauſe them; and perhaps might perceive, 
among other varieties, how thoſe little protuberances and cavities interrupt 
and dilate the light, by mingling with it a multitude of very ſmall ſhades, 
ſome of them more, and ſome leſs minute; ſome leſs, and ſome more 
numerous, according to the nature and degree of the particular co- 
Jour we attribute to the viſible object. Thus with good teleſcopes we 
can diſcern many hills and vallies in the moon, whereof ſome are more, 
and others leſs ſtrongly illumin'd; whilſt theſe have a fainter, and thoſe 
a deeper ſhade: tho' the naked eye can diſcern no ſuch things in that 
Planet. Thus alſo, where the naked eye could only ſee a green powder, 
a microſcope enabled us to diſcover particular granules, ſome of a blue, 


and ſome of a yellow colour; tho' we had before cauſed them to be ex- 


quiſitely mixed, to compound a green. And here, to confirm what we 
have delivered, as to the poſſibility of diſcerning the different forms of 
aſperity in the ſurfaces of bodies of ſeveral colours, I ſhall add a re- 
markable relation which I had from Dr. Finch, anatomiſt extraordinary 
A Hind man, to the great duke of Tuſcany. This gentleman told me, that he ſaw a blind 
wbb af uur, Man at Maeſtricht, in the Low Countries, who at certain times could diſtin- 
— ee, guiſh colours by the touch with his fingers. This appear'd fo extraordi- 
nary to me, that I freely propoſed many ſcruples concerning it to the 
— 3 and particularly inquired, whether care were taken to prevent 
the man from uſing his ſight in the caſe, if he had any: but, upon the 
whole, I found the doctor had been very cautious and circumſpect, to 
prevent being impoſed upon herein. And, that he might not, thro* any 
miſtake in point of memory, miſinform me, he preſented me the notes he 
took for his own ufe ; the ſubſtance whereof is as follows. The name 
of the man was Jobn Vermaaſen, at that time about thirty-three years of 


Sir Iſaac Newton ſeems to be of opi- | the particles of bodies on which their colours 
nion, that microſcopes may be ſo far impro- | depend, except thoſe of black ſubſtances, 
ved, if they are not, in ſome degree, alrea which he ſhews to be the molt minute. New- 
arrived at that perfection, as to diſcover tan. Optic. p. 236 | 
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” age, who, when he was two years old, had the ſmall pox, which render'd Parsrcs. 
* him abſolutely blind, tho' he is at preſent an organiſt in a public choĩr. 
The doctor diſcourſing with him over night, the blind man affirmed, that 


he could diſtinguiſh colours by feeling, but not unlefs he were faſting; 


$ degree of touch, this different aſperity might, | as thoſe © 


for that any quantity of drink deprived him of that exquiſite couch which 
is requiſite to ſo nice a ſenſation. Upon this, the doctor provided againſt 
the next morning ſeven pieces of ribbon of theſe ſeven colours, black, 
white, red, blue, green, yellow, and grey; but as for mixed colours, this 
Vermaaſen would not undertake to diſcern them; tho?, if offer*d, he could 
tell that they were mixed. To diſcern the colour of the ribbon, he 
places it betwixt his thumb and his fore-finger, but his moſt exquilite per- 


ception is in his thumb, and much better in the right than in the left. 
After the man had four or five times told the doctor the ſeveral colours, 
© whilſt a napkin was tied over his eyes, the doctor obſerved he twice 
XZ miſtook, for he called the white black, and the red blue; but ſtill before 
his error, he would lay them by in pairs, ſaying, that tho? he could eaſily 
= diſtinguiſh them from all others, yet thoſe two pair were not eaſily diftin- 


guiſhable from one another. Then the doctor deſired to know what kind 


of difference he found in colours by his touch. To which the blind man 
reply'd, that all the difference he obſerved, was a greater or leſs degree 
of aſperity * ; for, ſays he, black feels like the points of needles, or ſome 
harſh ſand, whilſt red feels very ſmooth ; that black and white are the 
moſt rough, or unequal, of all colours, and fo like, that *tis very hard to 
duiſtinguiſn them; but black the rougheſt of the two: that green is next 
in aſperity ; grey next to green; yellow the fifth in degree of aſperity; 
red and blue fo alike, that *tis as hard to diſtinguiſh between them as 
between black and white, tho* red be ſomewhat more rough than blue; 
ſo that red has the ſixth place, and blue the ſeventh in aſperity. To this 
information the doctor was pleaſed to add the preſent of three of thoſe 
very pieces of ribbon, whoſe colours, in his preſence, Vermaaſen had 
. diſtinguiſhed ; pronouncing the one grey, the other red, and the third 


green; which I keep by me as rarities. Before I ſaw the notes from 


f whence this account is taken, I confeſs I ſuſpected this blind man might have 
thus diſtinguiſhed colours rather by the ſmell than by the touch; for ſome 


»The different magnitudes of the parts | ſenſe of feeling. Sir 1/aac Newton well ob- 


of coloured bodies, whereon their different | ſerves, that there is a harmony and diſcord of 
of colours, according to Sir Iſaac Neroton's the- colours, which he ſeems to think ariſes from 


ory, depend, appear to be too minute for the | the proportions of the vibrations propagated 
ſenſe of feeling to take notice of. This ſenſe, | thro the fibres of the optic nerve into the 
indeed, may, by great degrees, be more ex- brain, as the harmony and diſcord of ſounds 
quifite in one man than in another ; and, if | ariſe from the proportions of the vibrations 
it could de ſuppoſed equal, or nearly equal to | of the air. For e colours, if they be 
that of ſight, which perhaps is only a finer | viewed wa are agreeable to one another, 


gold and indigo, and others diſa- 


= < i +4 
i kes the truth of the relation, become gree, See Neroton. Optic. p. 320. 
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Paystcs, But to feturn; the cauſes of the ſeveral forms of — that may 


N diverſify the ſurfaces of coloured bodies, will, perhaps, 
How changes 


aftord us ſome 


general conjectures as to ſeveral of the ways whereby *tis poſſible to 
produce the .fudden changes of colours, we ſhall hereafter find in our 
experiments; for moſt of thoſe phenomena being produced by means of 
liquors, which generally abound with very minute, active, and vari- 
ouſly figured ſaline corpuſcles, they may well very ſuddenly alter the tex- 
ture of the body they are employed to work on ; and ſo change their 
form of aſperity, and thereby make them reflect to the eye the light that 
falls on them, after another manner than they did before, and by that 


means vary the colour ſo far as it depends upon the texture or diſpoſition 


« other bodies. Ever 


«c 


body reflects the 
rays of its own colour more copiouſly 
than the reſt, and from their exceſs and 
i in the reflected light has 
its colour. Every body appears 
moſt ſplendid and luminous when viewed 


* in the light of its own colour. Cinna- 
bar, in the homogeneal, red, priſmatic 


« light is moſt reſplendent, in the green. 
light it is manifeſtly Jeſs reſplendent, and 
in the blue light ſtill leſs. Indigo in the 
violet blue light, is moſt reſplendent, and 
© its ſplendor is gradually diminiſhed, as 
it is removed thence by degrees thro" 


<< By a leek the green light, and next that 
« the blue and yellow, which compound 
«« green, are more ſtrongly reflected than 
«© the other colours, red and violet, Qc. 
% But to make theſe experiments the more 
« manifeſt, ſuch bodies ought to be cho- 
« ſen as have the fulleſt and moſt vivid co- 
« lours, and two of thoſe bodies are to 
« be compared together. Thus, for in- 
46 ſtance, cinnabar and ultramarine blue, 
4 or ſome other full blue be held toge- 
« ther in the red homogeneal light, they 
4 will both appear red, but the cinnabar 
* will appear of a ſtrongly luminous and 
« reſplendent red, and the ultramarine blue, 
« of a faint, obſcure, and dark red; and 
« if they be held together in the blue 


% homogeneal light, they will both appear 
« blue, but the ultramarine will appear of 
«© a ſtrongly luminous and reſplendent blue, 
« and the cinnabar of a faint and dark 
« blue; which puts it paſt diſpute, that 
« the cinnabar reflects the red light much 


þ CC 


the green and yellow light to the red. | 


of 


doth, and that the ultramarine reflects 
the blue light much more copiouſly than 
the cinnabar doth. The ſame experi- 
ment may be made ſucceſsfully with red 
lead and indigo, or with any other two 
coloured bodies, if due allowance be 
made for the different ſtrength or weak- 
neſs of their colour and light. And 
ſince theſe reflected lights, which differ 
in colour, differ alſo in degree of re- 
frangibility, it's certain that ſome badies 
reflect the more refrangible, and others 
the leſs refrangible rays more copiouſly ; 
and that this is the only reaſon of theſe 
colours, appears from hence, that the co- 
lour of homogeneal light cannot be chan- 
ged by the reflexion of natural bodies. 

or if bodies, by reflexion, cannot in 
the leaſt change the colour of any ſort of 
rays, they cannot appear coloured by an 
other means, than by reflecting thoſe 
which are either of their own colour, or 
« which, by mixture, muſt produce it. 
© But in making experiments of this kind, 
«© care muſt be had that the light be ſuffici- 
« ently homogeneal.” Ne:ton. Optic. p. 
I 56, ——1 58. 

& In tranſparently coloured liquors, 'tis 
© gbſervable, that their colour uſes to va- 
« ry with their thickneſs. Thus a red li- 
© quor, in a conical glaſs, held between the 
“light and the eye, looks of a pale and dilute 
«« yellow at the bottom where 'tis thin, and 
a little higher where 'tis thicker, grows 
orange ; and where 'tis ſtill thicker, be- 
comes red; and where 'tis thickeſt, the 
red is deepeſt and darkeit. For it is to be 
« conceived, that ſuch a liquor ſtops the 


« more copiouſly than the ultramarine | 


iy indigo-making and vioket-making — 
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of the b e of the object; for I do not abſolutely exclude all other Pxysics. 


colour of one another, but I ſhall only touch upon a few. And, firft, the 
minute corpuſcles that compoſe a liquor may eaſily inſinuate themſelves 
into thoſe pores of bodies whereto their ſize and figure adapt them ; and 
theſe pores they may either exactly or inadequately fill; in which latter 


caſe they will, for the moſt part, alter the number and figure, but always 


« moſt eaſily, the blue-making rays more 
« difficultly, and the red-making moſt 
«« difficultly; and that if the thickneſs 


of the liquor be only ſo much as ſuffi- 


* ces to flop a competent number of the 


» violet-making and indigo-making rays, 
without diminiſhing much the number 
of the reſt, the reſt muſt compound a pale 
yellow. But if the liquor be ſo much 
 « thicker, as to ſtop alſo a great number of 


'< the blue-making rays, and ſome of the 
» green- making, the reſt muſt compound 


« an orange; and where it is ſo thick as to 


 « ſtop alſo a great number of the green- 


making, and a conſiderable number of the 
yellow-making, the reſt muſt begin to 
compound a red, and this red muſt 
grow deeper-and darker, as the yellow- 
making and orange - making rays are 
more and more ſtopped by the increa- 
ſing thickneſs of the liquor ; ſo that few 
rays beſides the red- making can get 
* through. 

Of this kind is an experiment lately 
% related to me by Dr. Halley, who, diving 


deep into the ſea in a diving veſſel, 


found, in a clear ſunſhine day, that 
when he was ſunk many fathoms dee 
into the water, the upper part of his 
hand, on which the ſun ſhone dire] 
through the water, and through a ſmall 


* glaſs-window in the veſſel, like that of 
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46 


a damask roſe, and the water below and 
the under part of his hand illuminated 
** by light reflected from the water below, 
looked green. From thence it may be 
= hae? that the ſea-water reflects 
„ back the violet and blue-making rays 
** moſt eaſily, and lets the red-making 
3 pal moſt freely and copiouſly to great 
* depths ; 


the predominating red-making rays muſt | 


the 


« appear red, and the greater the depth 
« js, the fuller and intenſer muſt that red 
© be. And at ſuch depths as the violet- 
«© making rays can ſcarce penetrate to, the 
te blue-making, green-making and yellow- 
“ making rays being reflected from below 
© more copiouſly than the red- making 
& ones, muſt compound a green. Now if 
* there be two liquors of full colours, 
« ſuppoſe a red and a blue, and both of 
« them ſo thick as ſuffices to make their 
* colours ſufficiently full, though either 
* liquor be ſufficiently tranſparent a- part, 
1 E will you not be able to ſee through 
*© both together; for if only the red - ma- 
* king rays paſs through one liquor, and 
* only the blue-making through the other, 
*© no rays can paſs through both. This Dr. 
* Hock tried caſually with glaſs wedges, 
filled with red and blue liquors, and was 
* {urprized at the event. 

60 Now whilſt bodies become coloured, 
« by reflecting or tranſmitting this or 
* that ſort of rays more copiouſly than 
„the reſt, it is to be conceived that 
they ſtop and ſtifle in themſelves the 
* rays which they do not reflect or tranſ- 


« mit. For if gold be foliated, and held 
between the eye and the light, the 


« light looks of a niſh blue; and 
„therefore maſſy gold lets into its body 
the blue-making rays, to be reflected 
% to and fro within it, till they be ſtop- 
© ped and ftifled, whilſt it reflets t 

„ yellow-making outwards, and thereby 
% looks yellow. And much after the 


« ſame manner that leaf- gold is yellow 
* by reflected, and blue by tran{mitted 


“light, and maſly gold is yellow in all 


«cf 


| ©* poſitions of the eye; there are ſome 
for thereby the ſun's direct liq 


light, at all great depths, by reaſon of | 


iquors, as the tincture of Lignum Ne- 
pꝑbhriticum, and ſome ſorts of glafs, 
which tranſmit one ſort of light moſt 


« copiouſly, 


15 


4 


rays of light, between their parting from the lu 
3 and their reception into the common organ of viſion. Now 
there ſeem to be ſeveral ways whereby liquors may ſuddenly alter the 


16 


Experiments and Obſervations 


Pays1cs. the magnitude of the former pores. And in what capacity ſoever theſe 


V «corpuſcles of a liquor come to be lodged or barboured in ſuch pores, the 


ſurtace of the body will commonly have its aſperity altered, and the in- 
cident light, that meets with a groſſer liquor in the little cavities that be- 
fore contained nothing but air, or ſome more ſubtile fluid, will have its 
rays either refracted, abſorbed, or reflected more or leſs irregularly than 
if the body had been dry. Thus we ſee that even fair water falling on 
white paper, linen, Sc. will, for ſome ſuch reaſon as thoſe aſſigned, im- 
mediately alter the colour of them, and for the moſt part render it deeper 
than that of the unmoiſten'd parts of the ſame bodies. In like manner, 
when, during the ſummer, the high-ways are dry.and duſty, if there fall 
much rain, they quickly appear of a darker colour than before. Thus 
alſo if a drop of oil be ler fall upon white paper, that part of the paper 
which by imbibing the liquor acquires a greater continuity, and ſome 
tranſparency, will appear much darker than the reſt; many of the inci- 
dent rays of light being now tranſmitted, that would, otherwiſe, be re- 


=; = ti, 


flected to the eye. 


Secondly, a liquor may alter the colour of a body, by freeing it from 
thoſe things that prevent its appearing of its genuine colour; and tho” 


this may be ſaid to be rather a reſtoration of a body, or a reſtitution of 


cc copiouſly, and reflect another lort, | 
&« and thereby look of ſeveral colours, 
« according to the poſition of the eye to 
« the light. But if theſe liquors or 
«<< glaſſes were ſo thick and maſſy, that 
& no light could get through them, I que- 
4 ſtion not but they would, like all other 
« opake bodies, appear of one and the 
« ſame colour in all poſitions of the eye. 
4 For all coloured bodies, ſo far as my 
« obſervation reaches, may be ſeen through, 
« if made ſufficiently thin, and therefore 
« are in ſome meaſure tranſparent, and dif- 
« fer only in degree of tranſparency from 
« tinged and tranſparent liquors; theſe li- 
« quors, as well as thoſe bodies, by a ſuffi- 
“ cient thickneſs becoming opake. A tranſ- 
parent body, that looks of any colour 
« by tranſmitted light, may alſo look of 
«© the ſame colour by reflected light, the 
«« light of that colour being reflected by 
* the farther ſurface of the body, or by 
« the air beyond it. And then the re- 
« flected colour will be diminiſhed, and 
« perhaps ceaſe, by making the body ve- 
% ry thick, and pitching it on the back- 
4 fide, to diminiſh the reflexion of its 
« farther ſurface, ſo that the light re- 


<6 fleted from the tinging particles may 
4s predominate. In ſuch caſes the colour | 


ce of the reflected light will be apt to va- 
*« ry from that of the light tranſmitted.” 
Newton. Optic. p. 159163. 

This doctrine is farther confirmed, by 
mixing coloured light, ſo as to compound 
a beam of light of the fame colour and 
nature with a beam of the ſun's direct 
light, and making experiments therein. 

hus Sir /aac Newton found, that ſuch light 
is endued with all the properties of a beam 
of the ſun's light ; natural bodies appearing 
in it of the ſame Colours they have in day- 
light. Thus cinnabar appeared of the ſame 
red colour in it as it does by day, and if the 
green-making and blue-making rays were 
ſtopped, its redneſs became more full and 
lively ; but if the red-making rays were in- 
tercepted, it became yellow or green, or 
of ſome other colour, according to the 
ſorts of rays which were not intercepted. 
So gold in this light appears of the ſame 
yellow colour as in day-light ; but by 
ſtopping a due quantity of the yellow- 
making rays, it appears white like filver; 
which ſhews, that its yellowneſs ariſes from 
the exceſs of the intercepted rays tinging 
that whiteneſs with their colours when 
they are let paſs, See Newton. Optic, 


p. 163—167. 
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e its native colour, than a change e there here PABPEnp 2 change of the Puysics. 
colour which the body afforded before this operation. An 


tion... And bel a change LY 
ga liquor may work, either by diſſolving or corroding, or. ſome ſuch © | 


5 means carrying off the matter, which either veiled or diſguiſed the colour 
n that afterwards appears. Thus we reſtore old pieces of dirty gold to a 
n clear ſhining yellow, by putting them into the fire, (795 1000, "0 fortis, 
5 which takes off the acquired filth from the metal; and there is alſo an raly 
1 way to reſtore ſilver coins to their due luſtre, by fetching off that which 
; X diſcoloured them. I have likewiſe a chymical liquor, which I employ-to 
l reſtore pieces of cloth ſpotted with greaſe, to their proper colour, by im- 
„% bing the ſpotted part therewith; which incorporating with the greaſe, 
* and yet being of a very e maturg, cally carries it away with itſelf. 
* And I have ſometimes try'd, that by rabbing upon a good touchſtone a 
1 certain metalline mixture ſo compounded, that the impreſſion it left upon 
_ the ſtone appeared of a very different colour from that of gold; yet a lit- 
| = tle Aqua 7225 would immediately make the golden colour diſcloſe itſelf, 
1 by diſſolving only the other metalline corpuſcles that concealed thoſe of 
, e eee | | 5 . 
b 7 | TFhirdiy, a liquor may alter the colour of a body, by comminuting its 

parts; and principally after two ways: Firſt, by disjoining and diſſipa- 

ting thoſe cluſters of particles which ſtick more looſely together, only by 


" means of ſome cement that is eaſily diſſoluble; and this ſeems to be the 
caſe in ſome of; the following experiments, where the colour of many cor- 


3 


y puſcles brought to cohere, by being precipitated together, is deſtroyed by 
: the affuſion of yery ſharp and piercing liquors. Secondly, By dividing 
I the groſſer and, more ſolid particles into minute ones, which will be, for the 
. maoſt part, otherwiſe ſhaped than the entire corpuſcles ſo divided; as hap- 
it pens in a piece of wood reduced to ſplinters or chips, or when a piece of 
— cryſtal heated red-hot, and quenched in cold water, cracks into a multi- 
8 7 tude of little fragments, which, tho? they do not fall. aſunder, alter the 
b 1 diſpoſition of the body of it, as to its manner of reflecting the light... . .. 
. + There is a fourth way oppoſite to the third, whereby a liquor may 
4 change the colour of another body, eſpecially a fluid, by procuring the 
* coalition of ſeveral particles that before lay ſcattered, and too remote from 
Ir each other to exhibit the colour that afterwards appears. Thus, when a 
1 " ſolution, of gold. has been ſo diluted, that. I queſtioned whether, the li- 
a F quor really irbibed, any, of the metal, L have been 2 ſatisfied. it 
»y diqd, by pouring. a little mercury into it; for the gold therein would ſoon 
”- F} clorhe the ſurface of che quickſilyer with a thin film of its own livery. 
44 And by this way of bringing the minute parts of bodies together, in ſuch 
8 numbers as to make them a fit oHect for the eye, many of thoſe colours 
en ſeem to be generated which are. produced by precipitation; eſpecially if 
i made with fair water; aß een ums, diſſolved in ſpirit of wine, 


are let fall again, if the! irit be great y diluted with. chat weakening li- 
quor. And thus out of the. rectified and tranſparent butter of ;antimony 


is oo e 9 by the bare mixture of fait water, be plentifully precipitated 
9 OL. thats 36518 A D as ed un LL | 
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Experiments and Obſervations 
PaysIgs. that milk-white ſubſtance, which, by having its looſer ſalts well waſhed 
of,, is turned into Mercurius vie. 
A fifth way wherein a liquor may change the colour of a body, is by 
diſlocating its parts, and changing their order; at the ſame time, per- 
haps, alſo 2 the pofition of the fingle corpuſcles, as well as their 


ſituation in reſpect of one another. What ſhare particular commotions or 
diſlocations of the parts of a body may have in changing its colour, is 
evident from the mutations of that quality obſervable in quickſilver, and 
fome other concretes, long kept by chymiſts in a convenient heat, tho? in 
cloſe veſſels; and alſo in the obvious degenerations thereof in bruifed 
cherries, and other fruit: and that ſach liquors as we have been ſpeak- | 
ing of, 'may greatly * the textures of many bodies, and thereby 
alter the difpoſition of their n the great commotion 
made in metals and other ſubſtances by Agua fortis, oil of vitriol, Sc. 
1 perſuade us. And what ſuch a varied ſituation of parts may do to- 
wards diverfifying the manner wherein they reflect the light, may be 
gueſſed, in ſome meaſure, by the pulverization of tranſparent glaſs, which 
thereby becomes a white powder; but ſtill better, by the experiments we 
ſhall hereafter ſet down, with relation to the production and deſtruction of 
colours by ſubtile, ſaline liquors. And in ſome chymical oils, as parti- 
cularly in that of lemon- peel, the tranſpoſition of the parts, conſequent 
upon bare concuſſion, will repreſent on the ſurfaces of the bubbles there- 
by occaſioned, exceeding lively colours, which, when the bubbles relapſe 
into the reſt of the oil, immediately vaniſh. I know not whether I ſhould 
mention, as a diſtinct method, that power whereby a liquor may alter the 
colour of another body, by putting the parts of it into motion; for tho?, 
poſſibly, the motion ſo produced, ſeldom, of a ſudden, changes the colour 
of the body whoſe parts are agitated; yet this ſeems to be one of the moſt 
enera], tho? not immediate cauſes of the quick change of colours in bo- 
ies; for the parts being put into motion by the adventitious liquor, ma- 
ny of them, that were before united, may be thereby disjoined ; and 
when that motion ceaſes or decreaſes, others of them may ſtick together 
in a new order: by which means the motion may ſometimes produce per- 
manent changes of colours ; as in the experiment we ſhall hereafter men- 
tion, where a ſnow-white body is immediately turned into a yellow, by 
the bare affuſiqn of fair water. And tho? when you rub, good blue vitriol 
upon the clean blade of a knife, it will not impart its latent colour thereto ; 
yet if you moiften that ſubſtance with common water, the particles of 
the liquor disjoining thoſe of the ſtone, and thereby giving them the va- 
tious agitation requiſite to fluid bodies, the metalline corpuſcles of the vi- 
trio] thus diſſolved will lodge themſelves in throngs in the ſmall pores of 

the iron, and give the ſurface of it the genuine colour of copper, 
, Laſtly, The'moſt important way, by which a liquor may alter the co- 
lour of another body, is by aſſociating the faline, or other more rigid cor- 
Pufcles of the liquor, with the particles of the body whereon it is em- 
Ploy'd to work. For theſe adventitious corpuſcles uniting with wk pro- 
I tuberant 


# * 0 


tuberant particles of the ſurface of a coloured ſubſtance, muſt neceſſariſy Px ss. 
alter their bigneſs, and moſt commonly their ſhape. And that the co- LEWALY 
© tours of bodies greatly depend upon the bulk and ER of their fuperh- 
cial particles, ſeems probable, ſince many ancient and modern philgſo- 
phers have thought, that all colours might, in the general, be accounted 
for from them alone. The diverſification hereof will, in qur caſe, be at- 
IF tended with theſe, two circumſtances z. the one, that che protuberant par- 
ticles being increaſed in bulk, muſt often be varied as to the cloſeneſs ar 
laxity of their order; fewer of them being contained within the ſame 
= ſenſible ſpace than, before; or elſe, by een kin one another, they 
muſt ſtreighten the pores; and perhaps too by the manner of their aſlo- 
criating themſelves with the protuberant particles, intercept new pares. 
And thus, alſo, theſe adventitiqus corpuſcles may produce a 1.8 change, 
well in the little cavities, as in the protuberances of a coloured body; 
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0 
for they may likewiſe, by lodging themſelves in thoſe little cavities, fill them 
up; and it may eaſily happen, that they ſhall not only fill the pores they 
Iinſinuate themſelves into, but have their upper parts extant above, them: 
And partly by ſuch new protuberances, partly by increaſing the bulk of 
The former, theſe extraneous eorpuſcles may much alter the number and 
igneſs of the ſuperficial pores, changing the old ones, and intercepting 
w ; and very probably the order of the little extancies, and conſequent- 
that of the little depreſſions, in point of ſituation will be altered like- 
e wiſe. Thus if you diſſolve quickſilver in ſome kinds of Agqun fartis, the 
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ſe Wine particles of the menſtruum aſſociating themſelves with the mercu- 
d Fal globules, will make a green ſolution, which afterwards. eaſily dege- 
e rates; and red lead, diſlolred in ſpirit of vinegar, yields a clear ſolu- 
92 Jon, the redneſs of the lead being deſtroyed by the liquor. But a better 
ur Aſtance is afforded from copper; for I have try'd, that if upon a copper 
ſt Nate you let ſome drops of weak. Agua fartis reſt; for a while, the cor- 
o- yſeles of the menſtruum joining with thoſe of the metal, will produce 
"ul very ſenſible aſperity upon the ſurface of the plate, and thence 

1d tte into very minute grains of a pale blue vitrioł; thof,, if upon. ano 

ar rt of the ſame plate you ſuffer a little ſtrong: ſpirit of urine. to remain 
- r a competent time, the rough ſurface, will be adorned. with a. deeper 
"21 d richer blue. And the ſame Agua fortis, that ſuddenly changes the red- 
by jeſs of minium into a darker colour, will, being put upon crude lead, 
101 produce a whitiſh ſubſtance, as with copper it did a bluiſh, and aswith ĩron 
o; gives a reddiſh, and on white quills a yellowiffi colour: ſo much may 


of | he coalition of the parts of the fame liquor, with the differently figured 
Particles of ſolid bodies ſeveral ways turn the differingly diſpoſed furfa- 


a- : bs | 
vi s rough, and diverſify the calour of thoſe: bodies. And twill be eaſily 


of Plieved, that in many changes of colour, which happen upon the diſſolu- 
| Pens of metals, and precipitations made with, ail, of tartar,. Ir. a cox- 
ion of ſaline corpuſcles may be made with the particles of the body 


o- J. OI 
dr. iſſolved or precipitated; if we conſider how much the vitriol of a metal 
m- ay be heavier than he pure metal line part thereof, upon account of the 
ro- ; | D 2 ſaline 
ant 
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Whether all 


bodies are 
tranſparent ? 


Experi ments and Obſervations 


Paysrcs. ſaline parts coagulated therewith ; and that in ſeveral precipitations the 


weight of the calx, for the ſame reaſon, 1 
when it was firſt expoſed to be diſſolved. 
But I am not aiming to eſtabliſh a particular theor 


much exceeds that of the metal 


of colours, only 


deſign to offer ſome experiments and obſervations on the ſubject of them. 
T ſhall, therefore, add but two particulars more, with relation to the forms 
of ſuperficial aſperity in coloured bodies. And firſt, I ſay, that there are 
many other means whereby true and permanent colours may be produced 
in bodies, beſides thoſe practicable by the help of liquors; for proof 
whereof ſeveral examples might be alledged ; but I need only refer to 
what we have already obſerved of 'the change of colours ſuddenly made 


on tempered ſteel and lead, by the o 
ſition of a liquor. Secondly, 1 obf 


peration of heat, without the interpo- 
erve, what is of more importance to 


our preſent ſubject, that though nature and art may, in ſome cafes, ſo 
change the aſperity of the ſuperficial parts of a body, as to alter its colour 
by any of the mentioned ways a- part, yet *tis generally by two or three, 
or perhaps by more of them 7 Hee that the effect is produced; and if 


it be conſidered how variouſly t 


oſe ſeveral ways, with others of the like 


nature, may be compounded and applied, it will not appear ſurprizing, 
that ſuch fruitful principles ſhould be fitred to change or generate many 


differing colours. 


Flitherto we have conſidered the little protuberances, or . 
ficial particles which conſtitute the roughneſs of bodies, as if we too 


it 


for granted that they muſt be perfectly opake, and impenetrable to the 
rays of light, and ſo contribute to the variety of colours, as they ſtop 
more or leſs thereof, and reflect them to the eye particularly mixed with 
more or leſs of ſhade. I have often thought it worth a ſerious enqui- 
ry, whether or no particles of matter, each of them ſingly inſenſible, may 
not yet ſeparately conſiſt of many minuter particles, betwixt which we 
may conceive little junctures, where they adhere to one another, in ſome 
degree pervious to the prodigiouſly ſubtile corpuſcles of the rays of light; 
whence conſequently thoſe particles would, in ſuch adegree, bediaphanous. 
For as perfectly opake bodies can only reflect the incident rays of light, thoſe 


that are diaphanous refract“ them too; and that refraction has a great 


Refrangibility of the rays of light is 
their diſpoſition to be turned out of their 
vage in paſſing out of one tranſparent 
body into another; reflexibility, their 
diſpoſition to be turned back into the 


fame: medium from the ſurface of any o- 


ther. Sir 1/aac Neroton firſt ſnewed the 
pregile difference between them, in the 

biloſophical Tranſa#ions, No. 80. 4. D. 
1671: and in ſeveral ſubſequent pieces 
which occur in the fame Tranſactions, fo 
far. vindicated his diſcovery from ſeveral 


objections made againſt 


ingenuouſly acknowledge 
ſatisfied with it. At length 
liſhed his doctrine more 


hand 


it, that hi 


opponents, and particularly F. Pardies, 


themſelves 
ir Iſaac pub- 
fully, in his 


excellent treatiſe of the reffections, ri. 


wherein he confirms it by 


| priſm, and alſo thoſe re 


fractions, infletions, and colours of light; 


numerous ex- 


periments,” made with the utmoſt ſimpli- 
city and plainneſs. Herein he ſhews that 
the colours of light * by the 


ed from opale 
bodies, 


e 
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of water, which exhibits a rain-bow ; thro? priſmatic glaſſes, and many 7 


© other tranſparent bodies. And I find, that in a darkned room, where the 
light is permitted to enter but at one hole, the little floating particles of 


duſt, commonly called motes, being viewed by an eye placed on one fide 


of the beam of light, appear in certain poſitions adorned with very vivid 
colours, like thoſe of the rain-bow, or rather like thoſe of very minute 


XZ ſparkling fragments of diamonds ; and that as ſoon as their motion has 
brought them to an inconvenient poſition in regard to the light and the 
eye, they are only viſible, without affording any lively colours: which 
ſeems to argue, that this duſt, or minute fragments of ſeveral ſorts of 
N bod ies reputed opake, and only crumbled into duſt, do not barely reflect 
the rays that fall upon them, but reflect them to the eye refracted. 


. by 


We may alſo obſerve, that ſeveral bodies, which paſs for opake, appear 
in great meaſure tranſparent, when reduced into thin parts, and held 
againſt a ſtrong light. This I have not only taken notice of in pieces of 
ivory reduced to thickiſh leaves, in many conſiderable thick ſhells of fiſh, 

and in ſhavings of wood; but have alſo found, that a piece of very thick 
deal purpoſely interpos'd betwixt my eye and the clear day-light, appear'd 
quite thorough of a lovely red. And in the darkned room above-men- 

"tioned, bodies held againſt the hole at which the light enter*d, appear'd 

far leſs opake than they would elſewhere have done: ſo that I could 
eaſily and plainly ſee, thro? the whole thickneſs of my hand, the motions of 
a body placed at a very ſmall diſtance beyond it. And even in minerals, 
the opacity is not always fo exceeding great, if the body be made thin; 
& for white marble, though of a pretty thickneſs, being within a due diſtance 
placed betwixt the eye and a convenient light, will ſuffer the motions of 
one's finger to be well diſcern'd through it; and ſo will thick pieces of 
many common flints. But, above all, that inſtance afforded us by Muſcovy 
= glaſs is remarkable; for tho' plates of this mineral of a moderate thick- 
neſs often appear opake, yet if one of theſe be dextrouſly ſplit into the 


.* thinneſt leaves *tis made up of, it will yield ſuch a number of them, as 


ſcarce any thing but experience could have induced me to believe: 
® Theſe leaves afford the moſt tranſparent ſort of ſolid bodies that, for 


ought I have obſerved, are yet known: and a ſingle plate of it will be ſo 
; bodies, have different degrees both of re- | 


. gree of refrangibility ; that this is un- 


flexibility and refrangibility ; and that the 


mixture of all the coloured rays, into 
which the ſun's light is thrown by the 
priſm, makes white light; and therefore, 
that all homogenial light, that is, light 
whoſe rays are all alike refrangible, have 
a peculiar colour anſwering to their de- 


alterable by any farther reflections or re- 
fractions whatever; that the ſun's light is 
compoſed of all the primary colours to- 


gether ; and that compound colours pro- 
ceed from a mixture - of the primary. 
Hence it follows, that no colours can 
ariſe from any new modifications of 
light. But Sir /aac is of opinion, that 
the permanent colours of bodies are owin 
to the diſpoſition of them to ref 


ſome one ſort of rays, as red, blue, c. 
more plentifully than others. Hence red 
bodies a 
blue 


pear molt beautiful in red light, 
ies in blue light, &c. 


far 
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Pavsics. far from being opake, that tis ſcarce ſo much as viſible. And multitudes 
ol bodies there are, whoſe fragments ſeem opake to the naked eye, which 


yet, when included in good microſcopes, appear tranſparent: On the 
other hand, there may, perhaps, be ſome bodies, whoſe minute particles, 
even in an excellent microſcope, will not appear diaphanous. For upon 
viewing, by the help of a good glaſs, mercury precipitated. per ſe, the 
little granules that made up the powder, appeared like little fragments of 
coral beheld at a diſtance, with the naked eye. Filings of ſteel likewiſe, 
and copper, tho' viewed in an excellent microſcope, on a fair day, 
ſhow'd like pretty large fragments of thoſe metals, and appear'd con- 
fiderably bright on ſome of their ſurfaces; yet I was not. ſatisfy*d that 1 
perceived reflections from the inner parts of any of them. Nay, looking 
thro* my beſt microſcope upon the red calx of lead, neither I, nor any to 
whom I ſhew*d it, could diſcern it to be other than opake, tho? the day was 
clear, and the object ſtrongly enlighten'd. And even calcined vitriol, tho? 
deeply red, appeared inthe ſame microſcope like coarſe brick-duſt. Nor 
would I be forward to determine how far, or in what caſes the tranſpa- 
rency or ſemi-diaphaneity of the ſyperficial corpuſcles of larger bodies 
may: have an intereſt in the production of their colours; eſpecially ſince 
even in ſeveral white ſubſtances, as beaten glaſs, ſnow, and froth, where it 


ſeems manifeſt that the ſuperficial parts are ſingly diaphanous, we fee no 


ſuch variety of colours as is uſual from the refraction. of light in thoſe 


bodies, when by their bigneſs, ſhape, Sc. they are properly qualified to 
exhibit the colours of the rain-bow and priſmatic glaſs. 


By 


+ For a clear account of opacity and Me evacuating their pores, or ſeparating their 
cy, let us hear the excellent | ** parts, be render'd ſufficiently opake ; as 
Sin, /. Nezuton. The opacity; of bodies pro- & ſalts or wet paper, or the Orulus 
ceeds (according to that great Philoſopher) | * mundj; ſtone, by being dried; horn, 
from the multitude of refletions cauſed in by being ſcraped; glaſs, by being re- 
their internal parts, by a diſcontinuity of | * duced to powder, or otherwiſe, flaw'd; 
them; for een the parts of opake *© turpentine, by being ſtirred about with 
& and, coloured hpdies. are many. ſpaces, | water, till they mix imperfectly; and 
«« either empty, or repleniſhed with me- | water, by being form'd into many ſmall 
4. diums of other denſities.— And that this | “ bubbles, either alone, in the form of 
« diſcontinuity of parts is the principal * froth, or by ſhaking it together with 
<. cauſe. of the opacity; of, 7 —— 1 dil of turpentine, or oil olive, or 
from conſidering, that opake ſubſtances | with ſome other convenient liquor, 
46- become tranſparent by filling their pores | © wherewith it will not perfectly incor- 
4 with any ſubſtance: of nearly equal den- „ porate. And to the increaſe of the 
4, ſity with their parts. Thus paper __ - ©. opacity of theſe bodies, it conduces 
% water or oil, the Oculus mundi „ ſomething, that the reflexions of 
*, ſteeped in water, linen. cloth oil\d or ©. thin, tranſparent- ſubſtances are conſi- 
«6. varniſh'd, and many other ſubſtances «4. derably. ſironger- than thoſe made 
4, ſoaked! in fuch liquors. as. will: inti- bx the ſame. ſubſtances of a greater 
. << mately pervade their little pores, become, thickneis. Newton. Optic. pr 223, 224- 
% by that means, more tranſparent than | Sir: //aac Nætuton farther. obſerves, that 
& otherwiſe: ſo, on the contrary, the |. the» parts of bodies, and their interſtices, 
«+ moſt tranſparent ſubſtances may, by | muſt not be leſs than of ſome definite 


big- 
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By what has hitherto been delivered we may be aſified to judge of that Pnxsres. 
Zmous controverſy anciently held, betwixt the atomiſts on one Tide, and 
Inoſt other philoſophers on the other ſide ; the former denying bodies to , .. 
e coloured in che dark, and the latter maintaining colour to be an inhe- is the 
ent quality, as well as figure, hardneſs, weight, Cc. For, if colour dart? 
e only light modify'd, how can it ſubſiſt in the dark? But if colour be 
Fonfidered as a certain conſtant diſpoſition of the ſuperficial parts of the 
Pdject, to diſorder the light they reflect after a determinate manner; as 
his modifying diſpoſition perſeveres in the object, whether it be enlighten'd 
or not, there ſeems no juſt reaſon to deny, that, in this ſenſe, bodies re- 
Fain their colour as well in the night as in the day. Or it may, upon this 
ſuppoſition, be otherwiſe ſaid, that bodies are potentially coloured in the 
rk, and actually coloured in the light. 
But *tis of greater moment in the inquiry into the nature of colours, Whether en- 
decide that controverſy, whether thoſe of the rain-bow ; thoſe often 7 1 
n in clouds before the riſing, or after the ſetting of the ſun; and, 7. 


F = imaginary ? 

5 a word, whether thoſe other colours, uſually called emphatical, ought 

5 be accounted true: for it being generally granted, and may eaſily be 

˖ oved, that emphatical colours are light modify*d chiefly by refractions, 

) 0 with 

8 z 

J ; biggeſs to render them opake and coloured; « And the parts of all natural bodies be- 

or the opakeſt bodies, if their parts be « ing like ſo many fragments of a plate, 

ſubtily divided, become perfectly tranſ- « muſt, on the ſame grounds; exhibit the 
parent. Thus water, ſalt, glaſs, tones, « {ime colour. Now that they do ſo, will 

* Wand ſuch like ſubſtances, are tranſparent ; «« appear by the affinity of their proper- 


for, upon divers conſiderations, they « tres. The finely coloured feathers of 
bſeem to be as full of pores or interſtices '| ** ſome birds, and particularly thoſe” of 
between their parts as other bodies are; % peacocks tails, do, in the very fame part 
* ut yet their parts and interſtices ſeem to of the feather, appear of ſeveral colours 
* be too ſmall to cauſe reflexions in their in ſeveral poſitions of the eye, after the 
1s Meommon ſurfaces.” Newton. Optic. p. very ſame manner that thin plates do. 
3 * | © And therefore their colours ariſe from 
1 % The tranſparent part of bodies, ſays te the thinneſs of the tranſparent parts of 
h Sir Jſaac Newton, according to their ſe- the feathets; that is, from the flender- 


d Wveral ſizes, reflect rays of one colour, “ neſs of the very fine hairs, or Capilla- 
ll Hand tranſmit thoſe of another, on the « menta, which grow out of the fides of 
of ame grounds that thin plates or bubbles * the groſſer lateral branches or fibres of 
th 2s reflect or tranſmit thoſe rays; ” and | ** thoſe feathers. And to the ſame pur- 
or 8 Sir //aac takes to be the ground of all | ** poſe it is, that the webs of ſome ſpi- 
IT, ir colours: for if, * , a thinned «« ders, by being ſpun very fine, have ap- 
r- or plated body, which being of an even © peared coloured; and that the coloured 
he A chickneſs, appears all over of one uni- fibres of ſome ſilks, by varying the po- 
es ſorm colour, ſhould be ſlit into threads, * ſition of the eye, do vary their colour. 


or broken into fragments, I fee no rea- | © Alfo the colours of filks, cloths, and 
ſon why every thread or fragment ſhould „ other ſubſtances which water or dil 


de not keep its (colour ; and, conſe- i cart intimately penetrate, become more 
tor quence, why a heap of thoſe threads or „ faint and obſcure, by being immer- 
M4. fragments, ſhould not conſtitute a maſs | ** ſed in thoſe liquors, and recover their 
lat or powder of the ſame colour which the vigor again, by being dried after the 
es, plate exhibited before it was broken, | © manner of thin bodies. Leaf - gold, 
1te = 1 . : 


«« ſome 
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Pays1cs, with the concurrence ſometimes of refle&ions, and perhaps other acci- 
VN dents depending on them both; if theſe emphatical colours be reſolved 
genuine, it will ſeem to follow, that colours, or at leaſt many of them, 
are but diverſify'd light, and not ſuch real and inherent qualities as men 

commonly ſuppoſe. | | $33 6k eG; 
Now ſince we allow echoes, and other ſounds of bodies, to be true 
ſounds, all their odours to be true odours, and in ſhort, other ſenſible qua- 
lities to be true, becauſe they are the proper objects of ſome of our 
ſenſes; I ſee not why emphatical colours, being the proper and pecu- 
liar objects of the organ of ſight, and capable to affect it as truly and as 
powerfully as other colours, ſhould be reputed imaginary. And if we 
| have proved, that colour, when taken in its more proper ſenſe, is only 
modify'd light, there will be little reaſon to deny, that theſe are true 
colours, which more manifeſtly than others ſhew themſelves to be pro- 
duced by the diverſifications of light. There is indeed a difference 
taken notice of betwixt theſe apparent colours, and thoſe that are uſu- 
ally eſteemed genuine, as to their duration; which has induced ſome 
learned men to call the former rather evanid than fantaſtical. - But, as 
Gaſſendus obſerves, if this way of arguing were true, the greenneſs of a 
leaf ought to paſs for apparent, becauſe ſoon fading into a yellow, it cannot 


i 
' 
£ 
' 
| 
| 
} 
| 
[ 


« ſome ſorts of painted glaſs, the infuſion © kr corpuſcles, (whereby a coloured li- 
« of Lignum =. 1 ke and ſome other © quor. may become' tranſparent) or to 
re 


«« ſubſtances, reflect one colour, and tranſ- % make many of them aſſociate into one 
+ © mit another, like thin bodies alſo. And *« cluſter, whereby two tranſparent liquors 

„ ſome of thoſe coloured powders which | ** may compoſe a coloured one. For we 

“ painters uſe, may have their colours a «© ſee how apt thoſe ſaline menſtrua are to 


little changed, by being very elaborate- | - ©* penetrate and diſſolve ſubſtances to which 
% ly and finely ground. Where I ſee not < they are applied; and ſome of them to 
«© what can be juſtly pretended for thoſe < precipitate what others diſſolve. In 
© changes, beſides the breaking of their * like manner, if we ,conſider the various 


*“ parts into leſs parts, by that contrition, phenomena of the atmoſphere, we may 


after the ſame manner that the colour of «© obſerve, that when vapours are firſt rai- 
« a thin proce is changed, by varying its ** ſed, they hinder not the tranſparency of 
« thickneſs: for which reaſon allo it is, *« the air; being divided into parts too 
« that the coloured flowers of plants and *« {mall to cauſe any reflexion in their ſu- 
vegetables, by being bruiſed, uſually be- *c perficies. + But when, in order to com- 
« come more tranſparent than before; or < pole drops of rain, they begin to cor 
« at leaſt in ſome degree or other change leſce, and conſtitute globules ot all inter 
« their colours. And thus, by mixing va- ** mediate ſizes, thoſe; globules, when they 
« rious liquors, very odd and remarkable become of a convenient ſie to reflect 
75 23888 and changes of colours may ** ſome colours, and trapſmit others, may 
be effected, of which no cauſe can be ««. conſtitute clouds of various colours, ac- 
* more obvious and rational, than that the cording to their ſizes. And I ſee no! 
*fſaline corpuſeles of one liquor do vari- * what can be rationally: conceived in o 
„ ouſly act upon, or unite with, the tin- * tranſparent. a ſubſtance as water, for the 
ging corpulcles of another, ſo as to make production of theſe colours, ; befides the 
them ſwell or ſhrink, (whereby not only various ſizes of. its fluid and globular par- 


their bulk, but their denſity alſo may ur 
be changed) or to divide them into ſmal- 


cels.“ Newton, Opt. p. 226.228. 


* 


be 
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pe compared, in point of duration, with the greenneſs of an emerald. Puxstes. 
But if the ſun-beams paſs in a convenient manner thro? a glafs prifm, ſo 


as to be thrown upon ſome well ſhaded object, within a room; the rain- 


boy thereby painted on the ſurface of a body that terminates the rays, 


may often laſt longer than ſome colours I have produced in certain bodies: 


X which colours would juſtly, and without ſcruple, be accounted genuine, 


IT tho! they ſuddenly degenerate, and loſe their nature. 
A greater diſparity betwixt emphatical colours, and others, may, per- 


© haps, be urged ; becauſe genuine colours ſeem to be produced in opake 


1 bodies, by reflection; but apparent ones, in diaphanous bodies, princi- 


kd pally, by refraction : for, in ſome caſes, reflection, alſo, may concur. 
But till this ſeems not to prove, that theſe latter colours are falſe ones; 
nor muſt what we lately ſaid of the differences of true and apparent .co- 
lours, be underſtood in too unlimited a ſenſe : for if water be agitated 
into froth, it exhibits a white colour, which it ſoon after loſes upon the 
a reſolution of the bubbles into air and water ; in which caſe, the whiteneſs 
of the froth is either a true colour, or not. If it be true, then true colours, 
—— water pure, may prove as ſhort-lived as thoſe of the rain- 
pow; and the matter wherein the whiteneſs reſided, may, in a few mo- 
ments, be perfectly deprived of it. Beſides, even diaphanous bodies 
may be capable of exhibiting true colours, by reflection; for that white- 
neſs is ſo produced, will ſhortly appear. But if it be ſaid, that the 
hiteneſs of froth is an emphatical colour; then it muſt no longer be 
aid, that fantaſtical colours require a certain poſition of the illuminating 
body and the eye; and muſt be varied or deſtroyed by the change there- 
of: for froth appears white, whether the ſun be riſing or ſetting ; in the 
& meridian, or any where between that and the horizon; and in what part 
ſoever the ſpectator's eye is placed. And ſince, by making a liquor tena- 
cious, without deſtroying its tranſparency, or ſtaining it with any colour, 
We can give the little films whereof the bubbles conſiſt, ſuch a texture as 
will make the froth laſt for many hours, or days, together; it ſeems im- 
15 to aſſign duration for the diſtinguiſhing character of genuine 


— 


) 


: 


from fantaſtic colours: for ſuch froth may long out- laſt the true colours 
of ſome natural productions. Thus in that gaudy plant, the marvel of 
Peru, the flowers often fade on the very ſame day they are blown. And I 
® have often ſeen a Virginia flower, which uſually withers within the com- 
> Paſs of a day. I am alſo credibly inform'd, that a curious neighbouring 
botaniſt has a plant whoſe flowers periſh in about an hours time. 

But if the whiteneſs of water, turn'd into froth, muſt therefore be re- 


| | puted emphatical, becauſe it appears not that the nature of the body, but 
only that the diſpoſition of its parts, with regard to the incident light, is 


changed; why may not that whiteneſs be accounted emphatical too, 


$ which I ſhall ſhortly ſhew to be producible, barely by ſuch another change 
in black horn? And yet this whiteneſs, which is ſo eaſily acquir'd, ſeems 


to be as truly its colour as blackneſs was before; and is, at leaſt, more 


permanent than the greenneſs of leaves, the redneſs of roſes, or the ge- 
Vor, II. nuine 
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Puten. nuine colours of moſt natural productions. It may, indeed, be further 
YR objetted, that, according as the ſun or other luminous body changes 


place, theſe emphatical colours alter, or vaniſh. If a piece of cloth, in a 
draper's ſhop, where the light is ſeldom primary, be variouſly folded, it 
will appear of different colours, as the parts happen to be more illumina- 
ted or ſhaded ; and if you ſtretch it flat, it will commonly exhibit ſome 
one uniform colour; yet theſe are not reputed emphatical: ſo that 
the difference ſeems to be chiefly this, that in the caſe of the rain-bow, 
and the like, the poſition of the illuminating body varies the colour; and, 
in cloth, the poſition of the object does it. Yet I am not forward to al- 
low, that in all caſes the apparition of emphatical colours requires a de- 
terminate poſition of the eye; for if men will have the whiteneſs of 
froth emphatical, we have already ſeen what may be inferred from thence. 
Beſides, the ſun-beams tranſmitted thro' a triangular priſm of glaſs, 
after the manner lately mentioned, will, upon the body that terminates 


them, 1 a rain- bow, viſible to the eye, whether placed on the right 


hand of it, or on the left; above it, or beneath it; before it, or behind 
it: and tho' there may appear ſome little variation in the colours of the 
rain- bow, beheld from different parts of the room; yet the like may be 
obſerved by an attentive eye, in rea} colours, view'd under the like cir- 
cumſtances. Nor will it follow, that, becauſe there remain no foot- 
ſteps of the colour upon the object, when the priſm is removed, that 
therefore the colour was not real ; ſince the light was truly modity*d by 
the refraction * and reflect ion it ſuffer*d in paſſing thro? the priſm : and 
the object, in our caſe, ſerved as a ſpeculum to reflect that colour to the 
eye. For a rough and coloured object may ſerve for a ſpeculum to re- 
flect the artificial rain-bow we ſpeak of; ſince, in darkned rooms, 
a wall, conveniently ſituated within, will ſo reflect the colours of bo- 
dies external to the room, that they may very clearly be diſcern'd and 
diſtinguiſhed: and yet it is taken for granted, that the colours ſeen in a 
darkned room, tho* they leave no traces upon the wall or body that re- 
ceives them, are the true colours of the external objects; together with 
which the colours of the images are moved, or reſt. And the error lies 
not in the eye, whoſe office is only to perceive the appearance of things, 
and truly does ſo; but in the judgment that, by miſtake, concludes the 
colour belongs to the wall, which really belongs to the object; becauſe 
the wall is that from whence the rays of light which carry the viſible ſpe- 
cies, come in ſtrait lines directly to the eye. And thus, for the ſame 
reaſon, we ſuppoſe at a certain diſtance from concave ſpherical glaſſes, 


* We muſt again repeat, that Sir //aac 
Newton demonſtrates, all the colours in the 
univerſe, which are made of light, and de- 
pend not on the power of imagination, are 
either the colours of homogeneal lights, or 
compounded of them in a certain propor- 
tion.“ For the changes of colour, made 


by refraction, do not ariſe from any new 
% modification of the rays impreſſed by 
*« thoſe refractions; and, by he various 


«« terminations of light and ſhadow ; as has 
been the conſtant and general opinion of 
6 e Newton, Optic. p. 99, & 
p- 138. 


that 
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that we ſee the image ſtand out to meet us, and hang in the air betwixt Pays1cs. 
the glaſs and us; becauſe the reflected rays, that compoſe the image 
croſs one another in that place where the image appears to be ; and thence 


27 


F # 


in direct lines take their courſe to the eye. I might here add what will 
more fully appear hereafter, that colours, called emphatical, becauſe not 
inherent in the bodies where they appear, may be compounded with one 


4 
ö 
! ; SECT. © 
7 I Come now to inquire into the nature of whiteneſs and blackneſs. The nature of 
: | Whiteneſs, conſidered as a quality in the object, ſeems, in the general, whitene/. 
{ Chiefly to depend upon the roughneſs of the ſurface of the body, call'd 
I White z which gives it innumerable ſmall ſuperficies, that acting like ſo 
t many little ſpecula in various poſitions, they reflect the rays of light that 
J fall on them, not towards one another, but externally towards the ſpecta- 
A tor's eye. The ſun, and other very lucid bodies, not only offend or 
8 gazle our eyes; but if any colour is aſcribed to them, it ſhould be white- 
* neſs: for the ſun at noon-day, and in clear weather, when his face is 
4 15 ſerene, 
it _ | 
| White, in ſtrictneſs, we have already “ der, mixed with any colour, is preſently 
* erved to be no ſimple colour; but a com- *« tinged with that colour, and 1s equally 
d und of all colours in a due proportion. *« capable of being tinged with any colour 
1e When the ſeveral ſorts of rays are mixed, % whatever.” See Newton. Optic. p. 117, 
3 ſays Sir Iſaac Newton, and, in croſſing, 118, 138, 139. 
paſs thro' the ſame ſpace, they act not We farther learn from Sir 1/aac Newton, 
S 3 upon one another, ſo as to change their that as a mixture of all the priſmatic colours 
O- colour- making qualities; but, by mixing makes perfect white light; ſo if ſoapy wa- 
id their actions in the ſenſorium, beget a ter be agitated into a froth, various colours 
the ſenſation, differing from What either will appear therein, when viewed near; 
| ould do a-part : that is, a ſenſation of and, at a diſtanca, when thoſe colours can 
e- «a mean colour between their proper co- no longer be diſtinguiſhed, the froth will 
th lours. And articularly, when, by the ſeem perfectly white. But, by mixing co- 
* concourſe and mixtures of all ſorts of loured powders, he tells us, we are not to 
& rays, a White colour is produced; the expect a ſtrong and full white, but ſome 
58, * white is a mixture of the colours which dusky obſcure one; becauſe they ſuppreſs 
he the rays would have a- part : the rays in and ſtop in them a very conſiderable part of 
iſe that mixture do not alter their ſeveral co- the light by which they are illuminated. 
4 # lour-making qualities; but, by all their | Thus he produced a dark white, or a dun 
e various kinds of actions, mixed in the colour, by mixing one part of red lead with 
me . ſenſorium, beget a ſenſation of a mid- five parts of verdigreaſe; for theſe two co- 
es, E. dling colour, between all their colours, lours were ſeverally ſo compounded of o- 
which is whiteneſs. For whiteneſs is a thers, that, in both together, there was 2 
mean between all colours; having itſelf | mixture of all colours. 
ew indifferently to them all; ſo as with equal Again, one part of red lead, and four 
by facility to be tinged with any of them. parts of blue pile, compoſed a dun co- 
ious A red powder mixed with a little blue, lour, varying a little to purple; and, by 
has or a blue with a little red, doth not pre- adding to it a certain mixture of orpi- 
> of ſently loſe its colour; but a white pow- | - E 2 ment 


3 another, as thoſe that are confeſſedly genuine. 
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PaysIcs. ſerene, and his rays paſs thro' a much leſs part of the atmoſphere to our 
eyes, appears of a colour more approaching to white than when he is 
nearer the horizon; in which caſe the interpoſition of certain fumes and 
vapours.make him oftentimes appear either red or yellow. And when the 
ſun ſhines upon ſmooth water, that part of it which appears moſt illumined, 
ſeems far whiter than the reſt, And I have ſometimes found, that when 
the ſun was veil'd with a thin white cloud, tho? ſtill too bright to be 
look'd upon directly; that by caſting my eyes upon ſtill water, his body, 
being not far from the meridian, appeared to me exceedingly white. And 
tho? we vulgarly ſay, in Engliſb, a thing is red-hot, to exprefs a ſuperlative 
degree of heat; yet, at the forges and furnaces of artificers, by a white 
heat they underſtand a further degree of ignition, than by a red one. 

2. Common experience informs us, that as too much light over- 
powers the eye; ſo when the ground is covered with ſnow, thoſe 
who have a weak ſight, complain that this proſpect is offenſive to 
them. And even thoſe who have good eyes, are from hence generally 
ſenſible of an extraordinary light in the air; and, if obliged to look 
very long upon the ſnow, find their fight injured by it. Thus Aenophor, 
relates, that Cyrus marching his army, for many days, over mountains 
covered with ſnow, the dazling ſplendor of its whiteneſs preju- b 
diced the ſight of a great number of his ſoldiers, and blinded ſome of 8 
them; and other accounts of the ſame nature may be met with in 8 
writers of good note. The like has alſo been affirmed to me by credible 
perſons of my own acquaintance, and efpecially by one, who, during 


ment and verdigreaſe, in due propor- « Jour of any powder is more or leſs full 
tion, it loſt its purple tincture, and « and luminous, it ought to be uſed in a 
became perfectly dun. But the experi- © leſs or greater proportion. Now con- 
ment ſucceeded .beſt without red lead, « ſidering that theſe grey and dun co- 
thus: To orpiment, ſays Sir Iſaac, I 66 lours may be alſo produced, by mixing 
«added, by little and little, a certain &« whites and blacks; and, by conſe- 
« full bright purple, which painters ce quence, differ from perfect whites, not 
« uſe, till the orpiment ceaſed to be « in ſpecies of colours, but only in de- 
% yellow, and became of a pale red: «« gree of luminouſneſs; it is manifeſt 
« then I diluted that red, by adding a ce that there is nothing more requiſite to 
« little verdigreaſe and a little more blue © make them perfectly white, than to 
4 biſe than verdigreaſe, till it became | © increaſe their light ſufficiently ; and, 
« of ſuch a grey or pale white, as va- on the contrary, if by increafing their 


«© ried to no one of the colours more than light, they can be brought to perfect 
to another. For thus it became of a © whiteneſs; it will thence alfo follow, 
colour equal in whiteneſs to that of * that they are of the ſame ſpecies of 
«© aſhes, or of wood newly cut, or of a © colour with the beſt whites; and differ 


« man's skin. The orpiment reflected 


«© from them only in the Ry of 
„more light than did any other of the 


„light.“ And accordingly, 


« powders; and therefore conduced more 
to the whiteneſs of the compounded 
colour than they. To aſſign the pro- 
« portions. accurately, may be difficult, 
« by reaſon. of the different goodneſs of 
« powders of the ſame. kind. As the co- 


ſome powder, compoſed of orpiment, pur- 
ple, biſe, and verdigreaſe, in the ſun's 
rays; and, viewing it at a diſtance, it 
appeared intenſely white. Newton, Optic. 
P. 129=—134+ 
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bis ſtay in Mucory, found-his eyes much impaired, by being frequently Pays3es, 
I N ig to travel in the ſnow: and this weakneſs of ſight did not . 


leave him when he left, that country, but ſtill. continues, tho“ he be a young 
x 1 = I myfelt alfo, as well as others, have obſerved, ; that upon travel; 
„ ung by night, when the ground was all covered with ſnow, tho? it would 
n Potherwiſe have been dark, yet we could very well ſee to chuſe our way. 
> But much more to my preſent purpoſe is that account given us, by Olaus 
'F X Magnus of a way of travelling in the Northern regions during the winter, 
d X where the days of that ſeaſon are very ſnort. In the day - time, ſays he, 
e they travel twelve 7alian miles, but twice or thrice as far in the night, 
te * and that with eaſe; for the light of the moon, reflected by the ſnow, 
<< renders both hills and vales conſpicuous; ſo that then they 2 ſee not 
r only precipices afar off, but the wild beaſts they would avoid.“ 
ſe This teſtimony I the leſs ſcruple to alledge, becauſe it agrees very well 
x with what has been affirmed to me by a rs of Moſcow ;, who in- 
ly formed me, that he could ſee things at a far greater diffance, and with 
NY more clearneſs, when he travelled by night on the ſnow there, tho? with- 
on Zout the aſſiſtance of the moon-ſhine, than we, in theſe parts, would. ea- 
ns ſily believe. Tis true, indeed, the intenſeneſs of the cold might contri- 
u- bute ſomething to the conſiderableneſs of the effect, by clearing the air 
of of dark ſteams, which, in theſe more temperate climates, are uſually 
* thick in ſnowy weather: for this phyſician, and the ingenious navigator 
Me Captain James agree, that in dark froſty nights, in frozen climates, they 
= could diſcover more ſtars, and have a clearer proſpect of the heavens, 
than we in England. I know, indeed, many learned men ſuppoſe ſnow 0 
thus ſtrongly affects our eyes, not by a borrowed, but a native light. I 
* A venture, however, to give it as a proof, that white bodies reflect more 
"i light than others, becauſe having once placed a parcel of ſnow in a room, 
co- carefully darkened, that no celeſtial light might fall upon it, neither I, 
ang nor an ingenious perſon skilled in opties, could find it had any light be- 
- ſides what it received; and *tis,uſual, among ſuch as travel in dark nights, 
g to make their guides wear ſomething of white to be diſcern*d by; for there 
ifeſt s ſcarce any night ſo dark, but that, in the free air, ſome light remains, 
1e tho? broken and debilitated, perhaps, by a thouſand reflections from the 
ad opake corpuſcles, that ſwim in the atmoſphere, and ſend it to one another 
heir before it arrives at the eye: % 24: $24 ü ene (294120, $0852! 7 
fect 3. And the better torſhew:that white bodies: reflect much more light 
* than others, 1 held in the darkened room, formerly mentioned, not far 
ifer from the hole at which the light entered, a ſheet of white paper; from 
ef bwhence caſting the ſun · beams upon a white wall, it maniſeſtly appeared 
eing both to me, and to a perſon I took to be witneſs of the experiment, to re- 
n, QF} fect a far greater light than any of the other colours; for the wall itſelf 
e, it was not only thus notably enlightened, but alſo a conſiderable part of the 
tic. room. And, further, to ſhew that white bod ies reflect the rays outwards, 
let me add, that ordinary burning glaſſes will not, in a great while, burn 
sor diſcolour white paper; fo that When I was a boy, and delighted to 


make 
| 
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Paysrcs. make trials with ſuch glaſſes, I could not but wonder at this odd phenome- 
u non, which ſet me very early upon gueſling at the nature of whiteneſs ; 
and the more, becauſe I took notice that the image of the ſun, upon white 
per, was not ſo well defined as upon black; and becauſe that, upon 
inking over the paper, the moiſture would be quickly dried up, and the 
paper, that I could not burn before, would now preſently take fire. I have 
alſo try*d, that by expoling my hand, with a thin black glove on it, to 
the warm ſun, it'would thereby very ſuddenly be more conſiderably heat- 
ed, than if I took off the glove, and held my naked hand to its rays, or 
put on another glove of thin white leather. 

4. And to ſhew that white bodies are apt, like ſpecula, to reflect the 
light that falls on them, we have found, in a darken'd room, that the 
ſun-beams being caſt from a coloured body upon a white wall, the deter- 
minate colour of the body was from the wall reflected to the eye; whilſt 
we could, in many cafes, manifeſtly alter the colour arriving at the eye, 
by ſubſtituting, at a convenient diſtance, a colour'd gloſſy body inſtead of 
the white wall; thus by throwing the rays from a yellow body upon a 
blue, there would be exhibited a kind of green. I might alſo here take 
notice, that when looking upon the calm and ſmooth ſurface of a river, 
lying betwixt my eye and the ſun, it appeared to be a natural ſpeculum, 
wherein that part, which reflected to my eye the entire and defined image 
of the ſun and rays adjacent thereto, appeared of a great whitiſh bright- 
neſs, but the reſt comparatively dark ; when, if afterwards the ſuperfi- 
cies chanced to be a little ruffled by a gentle breath of wind, and thereby 

0 reduced into a multitude of ſmall, ſmooth ſpecula, the ſurface of the ri- 
ver would, at a diſtance, appear almoſt white; tho? it loſt that appearance 
upon a return of the ſurface to a calm and uniform level. And I have 
ſometimes, as an experiment, brought in a lenticular glaſs, the image 

of a river illumined by the ſun, into a darkened room, at about the di- 
| ſtance of a quarter of a mile; by which means the numerous declining 
ſurfaces of the water were ſo contracted, that, upon the body which 
received the image, the whole river appeared a very white object at two 
or three paces diſtance. But if we drew near it, this whiteneſs ſeemed 
to proceed from innumerable lucid reflections, made by the ſuperficies of 
the water gently waved, which looked, when cloſely viewed, like a mul- 
titude of very little ſhining ſcales of fiſh ; many whereof every moment 
diſappeared, while as many were by the ſun,” wind, and river, genera- 
ted anew, But tho' this obſervation ſeemed ſufficiently to diſcover how 
the apparent whiteneſs, in that caſe, was produced; yet in ſome other 
caſes, water may have the ſame, tho' not ſo vivid a colour, upon other ac- 

1 counts; for it often happens that the ſmooth ſurface of the water ap- 

= pears bright or whitiſh, by reaſon of the reflection, not immediately of 
| the image of the ſun, but of the brightneſs of the sky; and in ſuch caſes 

a convenient wind may, where it paſſes along, make the ſurface look 

| black, by cauſing many ſuch furrows and cavities, as make the inflected 
ſuperficies of the water reflect the brightneſs of the sky, rather internal- 


| ; ; ] y 


I body ſpecular. 


upon Colours. 


ur chan externally. And again, if the wind increaſe into a ſtorm, the wa- Paysrcs. 
ter may appear white, eſpecially near the ſhore, becauſe the rude agita- LHYNL 
tion breaks it into foam or froth z ſo much do whiteneſs and blackneſs de- 


upon the diſpoſition of the ſuperficial parts of a body, to reflect the 


5. Upon diſtilling quickſilver in a cucurbit, fitted with a capacious 


4 glaſs-head, I have obſerved, that when the operation was performed by 
proper degrees of fire, there would ſtick. to the inſide of the alembic a 


mulritude of little round drops of mercury. And as mercury is a ſpe- 
eular body, each of . theſe. little drops was a ſmall fpherical looking-glaſs; 
ind a number of them lying near one another, made the glaſs they were 
aſtened to, manifeſtly appear a white body. And as many parts of the 
Ky, eſpecially the milky way, appear white to the naked eye; yet the 
alaxy, viewed thro? a teleſcope, does not appear white, but to be made 
Mp of a vaſt multitude of little ſtars 3; ſo, many lucid bodies, if too ſmall 


be ſingly diſcerned by the eye, and ſet ſufficiently thick by one another, 


My, by their united rays, appear to the eye as one white body: and why 
may not the like happen, when a multitude of bright, little corpuſcles, 
crowded together, are made jointly to reflect vivid rays to the eye, tho? 
hey ſhine by a borrowed light? | | 
But to return to our experiments; we may take notice, that the white 
an egg, which tho? in part tranſparent, yet, by its power of reflecting 


ne incident rays of light, is, in ſome meaſure, a natural ſpeculum, being 


Ing agitated with a whisk or ſpoon loſes its tranſparency, and becomes a 
Fry white froth; that is, an aggregate of numerous ſmall bubbles, 
Woſe convex ſuperficies fit them to reflect the light every way outwards. 
And *tis worth obſerving that when water, for inſtance, is agitated into 
oth, if the bubbles be great and few, the whiteneſs will be but faint, 
QEcauſe the number of ſpecula within a narrow compals is but ſmall ; 
md they are not thick enough ſet to reflect ſo many little images or rays 

the lucid body, as go to produce a vigorous ſenſation of whiteneſs. 
d left it ſhould be ſaid, that the whiteneſs of ſuch globular particles 
bceeds from the air included in the froth, (tho' who can prove that the 
itſelf is white?) and at the ſame time to illuſtrate our doctrine of 
WMiteneſs, I ſhall add this experiment. I put to ſome fair water, 


"2 


Egptained in. a glaſs vial, a convenient quantity of ſpirit of turpen- 


We, which will not incorporate with water, yet is almoſt as clear and 


* 


ourleſs as that; and theſe being well ſhaken together, I found the agita- 


Wn broke the oil into a multitude of little globes, which each of them 
ecting outwards a lucid image, made the imperfe& mixture of the 
fo liquors, appear whitiſh; but if by vehemently ſhaking the glaſs for 
ompetent time, a further comminution of the oil be made into far more 
aeerous and ſmaller globules, whilſt it is alſo thereby more thoroughly 
* confounded 


. 
„ n 
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Puvsres. confounded with the water, the mixture will appear of a much greater 
& uVuhiteneſs, and almoſt like milk; tho? if the glafs be let alone a while, the 


colour will gradually fade as the oily globules grow fewer and larger, 
and at length quite vaniſh ; leaving both the liquors diſtinct and diapha- 
nous as before. And ſucha trial hath ſucceeded, when inſtead of oil, or 
ſpirit of turpentine, I took a yellow mixture, made with a large propor- 
tion of crude turpentine, diſſolved ãn that liquor; and it alſo ſucceeded 
better than one would expect, when I employ*d an oil brought to a deep 
green, by infuſing copper filings therein. Thus aromatics, diſtilled with 
water, often yield a white liquor, which may long continue of that co- 
lour; becauſe if the fire be made too ſtrong, the ſubtile oil is thereby 
much agitated, broken, and blended with the water, in ſuch numerous 
and minute globules, as cannot eaftly, in a thort time, emerge to the top 
of the water, and, whilſt they remain therein, make it look whitiſh, 
And hence, perhaps, it is, that we find hot water uſually more opake and 
whitiſh than the ſame when cold; the agitation turning the more volatile 
rticles of the water into vapours, and thereby producing, in the body 
5 the liquor, a multitude of ſmall bubbles, which interrupt the free 
paſſage of the rays ef light, and from the innermoſt parts of the wa— 
ter, reflect many of them outwards. © Theſe, and the like examples, have 
induced me to ſuſpect, that the ſuperficial particles of white bodies, may, 
for the moſt part, be as well convex as ſmooth; tho? it ſeems not ea ſy to 
prove, that when diaphanous bodies are reduced into white powders, each 
corpuſcle muſt needs be of a convex ſuperficies; and, perhaps, it may here 
ſuffice that the ſpecular ſurfaces look ſeveral ways. We have ſeen that 
when a diaphanous body is reduced to very minute parts, it thereby ac- 
quires a multitude of little ſurfaces within a narrow compaſs 3 and tho 
each of thoſe ſhould not be of a convenient figure to reflect a round image 
of the ſun, they may reflect ſome phyſical line of light, wherein ſome 
refra ction of that which falls upon the body, whereon it depends, may 
often contribute to its whiteneſs. Thus if a ſlender wire, or ſolid cylinder 
of glaſs, be expoſed to luminous rays, you ſhall ſee, in ſome part there: 
of, a vivid line of light; and if we were able to draw out and lay toge 
ther a multitude of theſe little wires or threads of glaſs, ſo ſlender, that 
the eye could not diſcern a diſtance between the luminous lines, there is no 
doubt, as far as I can gueſs by a trial of this kind purpoſely made, that 
the whole phyſical ſuperficies, compoſed of them, would appear white to 
the eye: and if ſo, it is not always neceſſary that the figure of thoſe cor 
puſcles, that make a body appear white, ſhould be ſpherical: and ſnov 
itſelf commonly appears both to the naked eye, and when viewed thro' : 
microſcope, to conſiſt principally of little ſlender icicles of ſeveral ſhapes, . 
which afford ſuch numerous lines of light as we ſpeak of. 

6. If you take a diaphanous body, as, for inſtance, a piece of glaß, 
and reduce it to powder, the ſame body which, when entire, freely tran! 
matted the rays of light, acquiring, by contuſion, a multitude of minute 
ſurfaces, each of which is, as it were, a little ſpeculum, becomes there. 


bj 


upon CoLouRs. 


ſegenerates into a white ſubſtance. And heating lumps of cryſtal red- 


Hot, in a crucible, I have found, that, upon quenching dem in fair 
ater, even thoſe which remained ſeemingly entire, exchanged their tranſ- 


Parency for whiteneſs; the ignition and extinction having cracked each 
pf new ſurfaces. And even with coloured diaphanous bodies, there may, 
py this way, be a great degree of whiteneſs produced. I have, by con- 


ump into a multitude of minute bodies, and thereby given it a multitude 


Fuſion, obtained whitiſh powders from granats, glaſs of antimony, and 
&meralds; but the experiment is more eaſily made, by comparing deep 


ame, for this will, comparatively, exhibit a conſiderable degree of white- 
7. And as by a change of poſition in the parts of differently coloured 


\FHodies, they may be rendered white; ſo by a light change, in the texture 


f its ſurface, a white body may be deprived of that property. A piece 
f ſilver newly boiled, with ſalt and tartar, after the goldſmith's faſhion, 
Hof a lovely white; but if, with a piece of ſmooth ſteel, a part of it be 
durniſh'd, that part preſently loſes its whiteneſs, and turns to a ſpeculum, 
Wo every where dark, like other mirrors; which adds a great confir- 
mation to our doctrine. For hence we ſee what it chiefly is that made 
the body white before; ſince all that was done to deprive it of that white- 
, was only to depreſs the little irregular protuberancies, that ſtood 
t on the ſurface of the ſilver, into one continued regular plain. | 


ue pulyerized vitriol of copper, with ſome of the entire cryſtals of the 
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by qualified to reflect, in a confuſed manner, ſo many rays, or little and Paysrcs: 
Fngly unobſervable images of the lucid body, that from a diaphanous, it 


8. What we have ſaid of whiteneſs may aſſiſt us to form a notion of 23, ,,,,., 


Blackneſs ; thoſe two qualities being ſufficiently oppoſite to illuſtrate each Slacineſi. 


| | her. And as that which makes a body white, is chiefly ſuch a diſpoſition 
its parts, as diſpoſes it to reflect more of the light that falls on it, than 
dies of different colours; ſo that which renders a body black, is princi- 
Ily a peculiar kind of texture of its ſuperficial! particles; whereby it 
amps the light that falls on it, ſo that very little is reflected to the eye. 
9. This texture is explicable two ſeveral ways; and firſt, by ſuppoſing, 
> the ſuperficies of the black body, a particular kind of aſperity ; whence 
Ke ſuperficial particles reflect few of the incident rays outwards, and the 
feſt inwards, upon the body itſelf: as if, for inſtance, the ſurface of a 
black body ſhould riſe up in numberleſs little cylinders, pyramids, cones, 
c. which, by being thick ſet and erect, throw the rays of light from one 
to another inwards, ſo often, that, at length, they are loſt before they can 


Fome out again to the eye. The other way ſuppoſes the textures of black 
podies either to yield to the rays of light, or, upon ſome other account, 
ss ſtifle and keep them from being reflected in any number, or with any 


Fonſiderable vigour outwards. According to this notion it may be ſaid, 


That the corpulcles, which compoſe the rays of light, thruſting one another 
rom the lucid body, and falling on black ſubſtances, meet with ſuch a 
Fexture, that they receive into themſelves, and retain. almoſt all the 
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Paysrcs. motion communicated to them by thoſe corpuſcles, and conſequently re. 
ec but few of them, or thoſe but languidly, towards the eye; as when 


a ball, thrown againſt a floor, rebounds a great way upwards, but very 
little or not at all when thrown againſt mud or water; becauſe the parts 
yield, and receive into themſelves the motion which ſhould reflect the ball 
back. But this laſt manner of accounting for blackneſs T barely propoſe, 
without either adopting, or abſolutely rejecting it; for the hardneſs of 
touchſtones, black marble, and of other bodies that are black, and ſolid, 
ſeems to render it ſomewhat improbable that they ſhould be of ſo yielding 
a nature; unleſs we ſay that ſome bodies may be more diſpoſed to yield to 
the impulſes of the corpuſcles of light, by reaſon of a peculiar texture, 
than others, which, by particular trials, appear to- be ſofter than they, 
Both the ſolutions, however, agree in this, that black bodies reflect but 
little of the light which falls on them. And it is not impoſſible that, in 
ſome caſes, both the diſpoſition of the ſuperficial particles as to figure and 
poſition, and the yielding of the body, or ſome of its parts, may jointly 
contribute to render a body black. The conſiderations which induced me 
to propoſe this notion of blackneſs, are principally theſe: 
(1.) Whiteneſs and blackneſs being generally reputed contrary quali- 
ties, whiteneſs depending, as I faid, upon the diſpoſition of the parts of 
the body, to reflect light plentifully, it ſeem'd probable, that blackneſs 
might depend upon a contrary diſpoſition of ſurface; but upon this I ſhall 
not inſiſt. However, if a body, of an uniform colour, be placed, part 
in the ſun-beams, and part in the ſhade, that part, which is not illumined, 
will appear nearer allied to blackneſs than rhe other, from which more 
light is reflected to the eye; dark colours alſo ſeem the blacker, the leſs 
is the light they are viewed in: and all things ſeem black in the dark, 
when they yield no rays to make impreſſions upon our organs of ſight; ſo 
that ſhadow and darkneſs are near a-kin: and ſhadow, we know, is but a 
privation of light; blackneſs, accordingly, feems to proceed from the 
want of rays reflected from the black body to the eye; tho? the bodies we 
call black, as marble, jet, Sc. are not perfectly ſo, for if they were, we 
ſhould not ſee them at all. But notwithſtanding the rays which fall on 
the ſides of thoſe erect particles we mentioned, do few of them return 
outwards ; yet ſuch as fall upon the points of thoſe cylinders, cones, or 
Pyramids, may be thence reflected to the eye, tho? they make but a faint 
impreſſion there ; becauſe they are mixed with a great proportion of little 
ſhades. Thus, having procured a large'piece of black marble to be well 
poliſhed, and brought to the form of a large fpherical concave ſpeculum, 
the inſide thereof was a kind of dark looking-glaſs, wherein I could 
plainly ſee a little image of the ſun, when it ſhone thereon. But this 
image was very far from offending or dazling my eyes, as it would have 
done from another fpeculum ; and tho? this were large, I could not, in a 
long time, ſet a piece of wood on fire with it; tho? a far lefs ſpeculum 
of the ſame form, and of a more reflecting material, would preſently 
have made it flame, And having expoſed to the ſun a pretty large _ 
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of white marble, poliſh'd. on the inſide, we found that it reflected a great Pu xsies. 
Aquantity'of glaring light, but fo ſcatter*d, that we could not make the re- W 
faced rays meet in any ſuch conſpicuous focus as that we obſery'd in the 
black marble; tho? by holding a candle, in the night-time, at a conve- 
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nient diſtance, we were able to Procute a concourſe of a few reflected rays 
¶ at about two inches diſtance from the bottom of the mortar. But we found 


the heat of the ſun- beams ſo diſpe : : bas 
compared to the focus of the black marble: and the little picture of the 


rſedly-refleted, to be very languid, even 


ſun that appear'd upon the white marble as a ſpeculum, was very faint, 
and exceedingly ill defined. 


* (2.) Taking two pieces, the one of black, and the other of white mar- 


ble, whoſe ſurfaces were plain and poliſh'd ; and caſting on them ſucceſ- 
ſively the rays of the ſame candle, in ſuch a manner that the adjacent ſu- 
perficies being ſhaded by an opake and perforated body, the incident rays 


paſs'd thro? a round hole of about half an inch in diameter, the circle of 


ight that appear'd on the white marble was, in compariſon, very bright, 
put very ill defined; whilſt that on the black marble was far leſs luminous, 
but much better defined. W {orbeids 1 
n (3.) When we look upon a piece of linen that has ſmall holes in it, they 
appear very black; ſo that men are often deceiv'd in taking holes for 
ts of ink: and painters, to repreſent holes, make uſe of black; the 
aſon whereof ſeems to be, that the rays which fall on thoſe holes, pene- 
ate ſo deep, that none are reflected back to the eye. And in a narrow 
11, part of the mouth ſeems black, becauſe the incident rays are reflected 


RHownwards, from one fide to another, till they can no longer rebound to 


e eye. We may conſider too, that if different parts of the ſame piece 


If black velvet be ſtroak'd oppoſite ways, there will appear two diſtinct 


Einds of blackneſs, the one far darker than the other; probably becauſe 


'Þ the leſs obſcure part of the velvet, the little ſilken piles, wherebf tis 


e@mpos'd, being inclined, there is a greater part of each of them ttrn'd' 
che eye; whilſt in the other part the piles of ſilk being more erect, thete 
gre by far fewer rays ſent outwards from the lateral parts of each pile: ſo 
hat molt of thoſe reflected to the eye, come from the tops of the piles, 
Which make but a ſmall part of the whole ſuperficies of the velvet. This 

Kplanation I propoſe, not that I think the blackneſs of the velvet pro- 
Seeds from the cauſe affigr'd ; ſince each fingle pile of filk is Black by rea- 
pn of its texture, in what poſition ſoever it be view'd; but'Becauſe the 

reater blackneſs of a ſingle tuft ſeems to proceed from the greater defect 


[ f rays reflected thence, and from the want of thoſe parts of a ſurface 


* eater than piles of ſilk, may, 


at reflect rays, and the multitude of thoſe ſhaded parts that reflect none. 
nd I have often obſerv'd, that the 


| notwithſtanding each of them hath a co- 
Pur of its own, make one part of their aggregate appear far darker than 


mother. ' Thus a heap of carrots appear of a much darker'colour when 
Piew'd with their points, than with their ſides obyerted to the eye. | 
3 | | F 2 (4)T 
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Experiments and Obſervations 


Paysrcs: (4.) I have obſery'd in a darken'd room, that if the fun-beams which 


came in at the hole were receiv*d upon white, or any other colour, and 


directed to a convenient part of the room, they would manifeſtly increaſe 
the light of that part; but if we ſubſtituted either a piece of black cloth 
or black velvet, it would ſo damp the incident rays, that the ſaid place 
would be leſs illumin'd than before, when it receiv'd its light only from the 
weak and oblique reflections of the floor and walls of a pretty large room; 
over which the beams that came in at the hole, were confuſedly and in a 
broken manner diſpers' de. 7 

(5.) And to ſhew that the rays which fall on black bodies, as they do 
not rebound outwards to the eye, ſo they are reflected towards the body 
itſelf, as the nature of thoſe erect particles to which we have imputed 
blackneſs requires; we ſhall add an experiment, that will at the ſame 
time confirm our doctrine of whiteneſs. We took, then, a broad and large 
tile, and having whited over one half of its ſuperficies, and black'd the 
other, we expos'd it to the ſummer ſun. And having let it lie there a con- 
venient time, we found that whilſt, the whited part of the tile remain'd 


cool, the black'd part of it was grown very hot. And for further ſatis- 


faction, we have ſometimes left upon the ſurface of the tile a part that 
retain'd its native red; and expoſing all to the ſun, we obſerv'd the latter 
to have contracted a heat in compariſon of the white part, but inferior to 
that of the black. *Tis alſo remarkable, that rooms hung with black 
are not only darker than they would be otherwiſe, but warmer too. I have 
known a great lady, of a tender conſtitution, complain that ſhe com- 
monly took cold upon going into the air, after having: made any long vi- 
fit to perſons whoſe rooms were hung with black. And this is not the 
only lady I have heard complain of the warmth of ſuch rooms; which, 
tho* perhaps it may partly be imputed to the effluvia of thoſe materials 
wherewith the hangings were dyed, yet probably the warmth in this cafe 


depends chiefly upon the ſame cauſe with darkneſs ; for upon expoſing two 


ieces of ſilk, the one white, the other black, in the ſame window to the 

un, I have often found the former conſiderably heated, when the latter has 
remain*d cool. 2 

- (6.) A virtuoſo of unſuſpected credit acquainted me, that in a hot cli- 
mate he had, by carefully blacking the ſhells of eggs, and expoling them 
to the fun, ſeen them thereby well roaſted, in no long time. But in Em- 
land, the ſun's rays ſeem not to be ſufficiently ſtrong to produce ſuch an 
effect; for having expos'd eggs in the ſummer ſeaſon. thereto, they acqui- 
red indeed a conſiderable degree of heat, but not enough to roaſt them. 

(7-) Laſtly, our conjectures about the nature of ' blackneſs, may be 

ſomewhat confirmed by the obſervation of the blind man, formerly men- 
tion'd, who, diſcerns; colours with his fingers; for he fays, that he feels a 
greater roughneſs upon the ſurfaces of black bodies, than upon thoſe of 
red, yellow, or green. And Bartholine.tells us, that a blihd earl of Mansfield 
could diſtinguiſh white from black only by the touch; which might ſuffi- 
ciently argue a great difference in the aſperities, or ſuperficial 5 
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'of the bodies of thoſe two colours; if the learned relator had affirm'd Pn yS1CS. 


he matter upon his own knowledge. Let us next take in the affiftance CFYWNy 
pf our experiments, purpoſely made to bring us farther acquainted with 


the nature of white and black. 


1. Take any quantity of fair water, heat it, and add thereto as much The nature of 
ood common ſublimate as it will diſſolve, or till ſome of it lie untouched 2% and 
at the bottom of the liquor; then filter this ſolution thro* cap-caper, 
and, to a ſpoonful or two of the clear, add four or five drops of good perinenti. 
Alimpid ſpirit of urine : ſhake them together, and immediately the whole 
mixture will appear white, like milk. After this, if you preſently add 
2 convenient proportion of rectify d Agua fortis, the whiteneſs will 


immediately diſappear, and the whole mixture become tranſparent; 
phich you may, if you pleaſe, again reduce to a conſiderable degree of 
Fhiceneſs, by pouring thereinto more freſh ſpirit of urine. It is not 
heceſſary to employ either Aqua fortis, or ſpirit of urine, about this ex- 
periment; for we have made it with other liquors. 
2. Make a ſtrong infuſion of bruis'd galls in fair water; and having 
Altered it into a clean vial, add more of the ſame fluid to it, till you have 
made it ſomewhat tranſparent, and ſufficiently diluted the colour for the 
edit of the experiment. In this infuſion, ſhake a convenient quantity of 
a clear, but very ſtrong ſolution of vitriol ; and you ſhall immediately ſee 
mixture turn black, almoſt like ink: and if, preſently after, you drop 
into this mixture a ſmall quantity of good oil of vitriol, and, by ſhaking 
vial, ſuddenly diſperſe it thro? the two other liquors; you will ſee the 
rk colour of the whole preſently begin to diflipate, grow clear, tranſ- 
arent, and loſe its inky blackneſs ; which may be again reſtored by the 
uſion of a ſmall quantity of a ſtrong ſolution of ſalt of tartar. And 
o' both theſe atramentous liquors will ſeem very pale, if you write with 
clean pen dipt in them; yet that is common to them, with ſome ſorts. 
ink, which prove very good when dry; as I have found, that when 
eſe were carefully made, what I wrote with either, eſpecially with 
the former, would, after a while, turn ſufficiently black. This ex- 
riment of deſtroying and reſtoring blackneſs, we have likewiſe try'd in 
mmon ink; tho? with this it ſucceeds not ſo well, and but very lowly ; 
Hecauſe the gum uſually employ*d in making it, oppoſes the operations 
the ſaline liquors. And tho? it be taken for granted, that bodies will 
i} precipitate with alkalizate ſalts, which have not been firſt diſſolved 
i ſome acid menſtruum; yet I have found, upon trial, that many vege- 
$bles, barely infuſed, or but ſlightly boiled in common water, afford, 


pon the bare affuſion of a ſtrong and clear lixivium of pot-aſhes, a large 
uanrity of coagulated matter; ſuch as I have had in the precipitations of 


Negetable ſubſtances, by means of acids; and that this matter was eaſily 
Sparable from the reſt of the liquor; being left behind by it in the filtre. 


And, from the firſt ink mentioned in this experiment, I could, by filtra- 
Vn, ſeparate a conſiderable quantity ofa very black pulverable ſubſtance. 
And when the ink was made clear again, by the oil of vitriol, the affuſion 


of 
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Pays1cs. of diſſolved ſalt of tartar ſeem'd but to precipitate, and thereby unite, 
Wau render conſpicuous, the corpuſcles of the black mixture, that had 
been before diſperſed, into very minute and ſingly inviſible particles, by 
the reſolving power of the highly corroſive oil of vitriol. And that galls 
are notabſolutely neceſſary to make atramentous liquors, appears from the 
following experiment. We boil'd dry*d roſe-leaves for a while in fair 
water, and into two or three ſpoons-ful of the decoction, ſhook a few drops 
of a ſtrong and well filtred ſolution of vitriol; whereupon the mixture 
immediately turn'd black : and preſently ſhaking herein a juſt proportion 
of Aqua fortis, we changed it from a black to a deep red ink; which, by 
the affuſion of a little ſpirit of urine, may be reduced immediately to an 
opake blackiſh colour, 9 pe 
3. In theſe experiments, the infuſion of galls, the decoction of roſes, 
and the ſolution of vitriol, have each their own colour; but we may 
ſuddenly produce a blackneſs, by mixing an infuſion of orpiment, and 
a ſolution of minium, both whereof ſhall be limpid and colourleſs. And 
with theſe liquors may be exhibited a curious and ſurprizing phenomenon, 
if made and applied in the following manner: 1. Take of the ſtrongeſt 
unſlaked lime about two parts, of yellow orpiment one part, of fair 
water fifteen or ſixteen parts; beat the lime groſly, and powder the 
orpiment, with care to avoid the noxious duſt: and having put thefe two 
ingredients into the water, let them remain there for two or three hours; 
ſtirring the mixture from time to time. Thus you'll obtaina fetid liquor 
the clear part whereof muſt be poured off from the reſt, or gain'd by the 
filtre. 2. In the mean time burn a piece of cork, and quench it, whilſt 
fired, for ſeveral times ſucceſſively in fair water; and having, by this 
means, reduced it to a coal, you may eaſily, by grinding it with a ſolution 
of gum-arabic in water, bring it to the colour and conſiſtence of a good 
black ink. 3. Take any quantity of red lead, and two or three times its 
weight of vinegar, or rather the weak ſpirit of it; and, putting the 
powder and that into a glaſs vial, let them infuſe in ſome conſiderably 
warm place for two or three hours, till the liquor has acquired a ſweet 
taſte. Matters being thus prepared, write what you pleaſe with a clean 
pen dipt in the ſolution of the red lead; which, if filtred, will prove ſo 
clear, as to be inviſible upon the paper. Over what is thus written, 
you may draw any characters or letters you pleaſe, with a pen dipt in the 
black ink made with cork. And, laſtly, to ſhew the experiment, dip 
a linen rag in the fetid folution of the lime and orpiment, which is alſo 
| limpid, and draw it over the written paper; and this will at once both 
= .- wipe out the ſtrokes of the black ink, and render all that was wrote with 
= the inviſible ink conſpicuouſly black. 

4. If pieces of white hart's-horn be, with a moderate degree of fire, 
| diſtilled in a glaſs retort, they will, after the ſeparation of the phlegm, 
\ ſpirit, volatile ſalt, and the looſer and lighter parts of the oleaginous ſub- 
ſtance, remain one behind of a coal-black colour. And even ivory itſelf, 
when skilfully burnt, affords painters one of the beſt and deepeſt blacks 


they 
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Por fingers, it will be of a white, or whitiſh colour: but if you proſe- 
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* they have. Yet, in the inſtance of diſtill'd hart*s-horn, the operation be- Pn 
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inſinuates itſelf into the white horn; but the whiteneſs is deſtroyed, and 


the blackneſs generated only by a change of texture made in the burnt 
Pody by the receſs of ſome parts, and the tranſpoſition of others. And 
ho? I remember not to have ever found the Caput mortuum of diſtilled 
Hart's- horn to paſs from a black to a true whiteneſs, whilſt it continued in 
eloſe veſſels ; yet, having taken out the coal-black fragments, and calcined 
hem in open veſſels, I could, in few hours, quite deſtroy that blackneſs, 
and, without ſenſibly changing their bulk or figure, reduce them to a 


degree of whiteneſs: ſo much do theſe two colours depend upon the diſ- 


polition of the little parts that the bodies wherein they are to be met with, 
Fonſiſt of. And we find, that if white- wine tartar, or the white cryſtals 
of ſuch tartar, are burnt, without being truly calcined, the Caput mor- 
ſjuum will be black. But if the calcination be continued till the tartar is 
perfectly reduced to aſhes, and kept long enough in a ſtrong fire, the 
FZcmaining calx will be white. And ſo we ſee, that not only other vegeta- 
e ſubſtances, but even white woods, as the hazel, will yield a black 
Garcoal, and afterwards whitiſh aſhes. Thus alſo animal ſubſtances, 
naturally white, as bones and egg-ſhells, grow black, upon being burnt, 
and white again, when perfectly calcined, | 

g. Yet I much queſtion whether the rule, aduſta nigra, peruſta alba, 
hold as univerſally as is preſumed ; for have ſeveral examples to al- 
ge againſt it. By burning alabaſter ſo as to make it appear to boil 
olt like milk, and to reduce it toa very fine powder, it would not 
ow black at all, but retain its pure and native whiteneſs : and tho”, 
ping it longer than uſual in the fire, I produced a faint yellow in that 


rt of the powder which lay neareſt the top of the crucible ; yet a cu- 


us and experienced ſtone-cutter told me he had found, that if ala- 
ter, or plaiſter of Paris, be very long kept in a ſtrong fire, the whole 
Hep of burnt powder would exchange its whiteneſs for a much deeper 
our than the yellow I obſerved. Lead calcined with a ſtrong fire, turns 
length, to minium, whoſe colour we know is a deep red; and if this 

inium be again urged with a ſtrong fire, you will ſoon find a glaſſy 
uttle body, darker than minium, than any white calx or glaſs. Tis 
kpown among chymiſts, that the white calx of antimony, by a more 
rh operation of the fire, may be melted into a glaſs; which we have 


ptain'd of a red colour far deeper than that of the calx of burnt anti- 


pony: and tho' common glaſs of antimony, being uſually adulterated 


wich borax, have its colour thereby diluted, often to a very pale yellow: 
t not only ours, made more genuinely, was, as we ſaid, of a colour 
remote from black than the calx; but, by melting it once or twice 


Wore, we found the colour heighten'd. And if you burn blue unſophiſti- 


ed vitriol very ſlowly, and with a gentle degree of heat, you may 


Pſerve, that when tis burnt only ſo far as to rub to powder betwixt 
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g made in glaſs veſſels, carefully cloſed, no extraneous black ſubſtance x 
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| Experiments and Obſervations 
Pays1cs, cute the calcination, this body will paſs thro? other colours, as a grey, 


a yellowiſh, and a red: and if you continue it in a long and vehement 


fire, by that time it comes to be thoroughly calcined, it will be of a dark 


purple, nearer to black, not only than the firſt calx, but than the vitriol, 
before it at all felt the fire. I might add, that Crocus Martis, made by the 
laſting violence of the reverberated flames, is not ſo near to white as the 
iron or ſteel that afforded it, before its calcination. 

Theſe inſtances may ſuffice to ſhew, that minerals are to be excepted 
from the foremention'd rule; which, tho? it ſeldom fails in ſubſtances 
belonging to the animal or vegetable kingdom, may yet be ſuſpected even 
in ſome of theſe, if Belonius ſay true, that charcoal, made of the wood 
of oxycedar is white. And I could not find, tho? hart's-horn, and other 
white bodies, will turn black in retorts, by heat, that camphire would at 
all loſe its whiteneſs ; tho? I have purpoſely kept it in ſuch a heat as made 
it melt and boil. 

6. And tho? I could not, in cloſed glaſſes, blacken camphire by heat, 
but it would ſublime to the ſides and top of the veſſel in its natural form ; 
yet being ſet on fire in the free air, it ſends out a great ſmoke: and having, 
purpoſely, upon ſome of it, whilſt flaming, clapt a large glaſs, almoſt 
in the formof a hive, with a hole at the top, it continued burning, ſo as 
to line all the inſide of the glaſs with a ſoot as black as ink; and in fo 
great a quantity, that the cloſeneſs of the veſſel conſider'd, almoſt all that 
part of the camphire which took fire, ſeem'd to have been changed into 
that deep black ſubſtance. | 

7. Itook rectified oil of vitriol, and, by degrees, mixed with it a con- 
venient proportion of the eſſential oil of wormwood 3 and, warily diſtil- 
ling the mixture in a retort, there remain'd a ſcarce credible quantity of 
dry matter, black as a coal. And becauſe the oil of wormwood, tho? a 
chymical oil, and drawn by a virtuoſo, ſeem'd to have ſomewhat in it of 
the colour of the plant, I ſubſtituted in its room, the pure and ſubtile oil 
of winter-ſavory ; and gradually mixing it with an equal weight of the 
ſame oil of vitriol, and diſtilling them, as before, in a retort, even theſe 
two clear liquors left me a conſiderable proportion of a ſubſtance black 
as pitch ; which I keep by me as a rarity. 1 

8. Take a little yellow wax, ſcraped, or thinly ſliced, and putting it 
into a convenient glaſs, pour to it a conſiderable quantity of ſpirit of 
wine; and, placing the veſſel in warm ſand, increaſe the heat by de- 
grees, till the ſpirit of wine uſt begins to boil ; and by continuing that de- 
gree of heat, you will quickly find the wax diſſolv'd: then taking it of, 
you may either ſuffer it to cool as haſtily as with ſafety to the glaſs it 
can, or pour it, whilſt yet hot, into a filtre of paper; and either in the 
glaſs where it cools, or in the filtre, you will ſoon find the wax and men- 
ſtruum together reduced into a white ſubſtance almoſt like butter; which, 
by letting the ſpirit exhale, will ſhrink into a much leſs bulk, but il! 
retain its whiteneſs. *Tis a pretty phenomenon in working of this ma- 
giltery of wax, that the yellowneſs vaniſhes, and neither appears in the 


0 piri 


« +» 


"% | 


upon CoLouRSs. 


7 4 


Fpirit-of wine 
Pay ſo call it, which is wax well and ſuddenly blanched. 

9. We took two parts of common ſublimate, and one of tin-glaſs, both 
Inely powdered, and exactly mixed; theſe we ſublimed together, by pro- 
Ser degrees of fire, and there aſcended a matter of a very peculiar texture, 
r the moſt part made up of very thin, ſmooth, ſoft, ſlippery plates, al- 
Moſt like the fineſt ſort of fiſn- ſcales; but of ſo lovely a white, inclining 
pearl- colour, and of ſo curious and ſhining a gloſs, that they appeared, 
n ſome reſpects, little inferior to orient pearls, and, in others ſeem'd to 

Turpaſs them. They were applauded for a ſort of the prettieſt trifles we 
had ever prepared to amuſe the eye. I will not undertake, that tho“ a 
man can hardly miſs changing the colour of the tin-glaſs, that he ſhall at 
*c firſt, or perhaps the ſecond trial, hit upon the right way of making, 
Mis glittering ſublimate. | 
10. When, in Aqua fortis, we diſſolve a mixture of gold and ſilver, 
pelted into one mals, it uſually happens, that the powder of gold which 
Alls to the bottom, as not being diſſoluble by that menſtruum, will not 
"Ftain its own yellow, but appear of a black colour; tho? neither the gold, 
the ſilver, nor the Aqua fortis did before manifeſt any blackneſs. And 
many chymiſts, when they make ſolutions of minerals, are very glad to 
ſee a black powder precipitated to the bottom ; taking it for a hopeful 
ſign, that thoſe particles are of a golden nature, which appear in a colour 
0 obl to gold, when ſeparated from other metals by Aqua fortis, 
e' ſo obſtinate, that it is hard for the refiner to reduce the precipitated 
. to its native colour. For tho' that may quickly be done by fire, 
ich will make this gold look very charmingly, and is indeed one of the 
et ways in practice for the refining of gold; yet it requires a watchful 
e, and competent skill, to give it ſuch a degree of fire, as will ſerve to 
en its luſtre, without bringing it to ſuſion. I remember, that having 
Nen a flat bright piece of gold refined by a curious and skilful perſon, on 

Purpoſe to try to what height of purity that metal could be brought by 
nt; 1 found this very piece, as glorious as it look'd, being rubb'd a little 
Pon fine clean linen, ſullied it with a kind of black. And the like I 
ve obſerved in refined ſilver; which I therefore mention, becauſe I for- 
merly ſuſpected, that the impurity of the metal might have been the only 

Fuſe of what I have frequently obſerved in wearing filver-hilted ſwords, 
at where they rubb'd upon my clothes, when made of light - coloured 
Hoth, they would quickly black them. And thus alſo I have found pens 
Hacked nearly all over, upon carrying them about me in a ſilver ink-caſe. 
of nd as in theſe ſeveral inſtances of acquired blackneſs, the metals are 
Porn off, or otherwiſe reduced to very minute parts, *tis a circumſtance 
Hat deſerves to be remark'd. | 


11. That a ſolution of filver will dye hair of a black colour, is a 


ill have unluckily made their friends very merry. And I lately diverted 
* _ 11 an improvement of this obſervation; 2 having diſſolved ſome 
| „II. G 


own experiment, wherewith ſome perſons of greater curioſity than 
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that paſſes limpid thro? the filtre, nor in the butter, if I Pavysrcs. 


YL 


pure 


| 
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Pn vsics. 


AA 2 quantity of fair water to be poured upon the calx, two or three ſeveral 


An inquiry in- 


zo the cauſe of diſputed by learned men; who poſſibly had done well to have conſidered 


blackneſs in 
the Negroes. 
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pure ſilver in Aqua fortis, and wholly evaporated the menſtruum, Feangd 


times; and to be each time evaporated, till the calx was very dry, and 
all the greeniſh blue, that uſually appears in common cryſtals of ſilver, 
quite vaniſhed : after this, I made thoſe I had a deſign upon, to moiſten 
ſome part of their skin with their own ſpittle, and ſlightly rub the moiſt- 
ened parts with a little of the ſilver thus prepared; upon which they were 
ſurprized, to ſee that a ſnow- White body ſhould preſently produce a deep 
blackneſs there, as if the ſtains had been made with ink. This blackneſs 
could not, like that produced by ink, be readily waſhed away ; but re- 
quired a long time to be got off. And with the ſame calx, and a little 
fair water, we likewiſe ſtain'd the white hafts of knives with a laſting 
black, in thoſe parts where the calx was plentifully laid on; but where it 
was very thinly ſpread, the ſtain was not of quite ſo deep a colour. 

12. The cauſe of blackneſs, in whole nations of Negroes, has been long 


why ſome whole races of other animals, as foxes and hares, are diſtin- 
guiſhed by a blackneſs unuſual to the generality of the ſame ſpecies. 
However, I ſhall freely acknowledge, that this inquiry ſeems more ab- 
ſtruſe to me than it does to many others; becauſe, conſulting many au- 
thors, the accounts of voyages, and travellers, to ſatisfy myſelf in mat- 
ters of fact relating to it; I have met with ſome things among them, which 
ſeem not to agree with the notion of the moſt claſſic writers upon this 
head. As it is, therefore, my preſent buſineſs to deliver rather matters 
hiſtorical, than theoretical, I ſhall annex ſome few of my collections, in- 

ſtead of a formal diſputation. 
It is commonly preſumed, that the heat of the climates, inhabited by 
Negroes, is the cauſe of their colour; and this, principally, becauſe we 
plainly ſee, that mowers, reapers, and other country people, who ſpend 
the moſt part of the ſummer-days in the heat of the ſun, have the skin of 
their hands and faces, which are the parts immediately expoſed to his rays, 
of a dark colour, and tending to blackneſs. On the contrary, we obſerve, 
that the Danes, and other inhabitants of cold climates, and even the Exgliſb, 
who feel not ſo ſevere a degree of cold, have uſually whiter faces than the 
Spaniards, Portugueze, and other Europeans of hotter countries. But this 
argument ſeems far more ſpecious than convincing z for tho? the heat of 
the ſun may darken the colour of the skin, yet experience doth not ſhew, 
that heat alone is ſufficient to produce a diſcolouration, which ſhall amount 
to a true blackneſs, like that of the Negroes. Beſides, in many parts of 
Aſia, under the ſame parallel, or in the ſame degree of latitude with the 
African regions, inhabited by blacks, the people are but tawny. And in 
Africa itſelf, many nations in the empire of Eibiopia are not Negroes, tho 
ſituate in the torrid zone, and as near the equinoctial, as other nations, 
that are black. Again, I find not, by the beſt accounts, I could any 
where obtain of the Weſt.· Indies, that, excepting, perhaps, one place, ot 
two, of ſmall extent, there are any blacks, originally natives of any 
paſt 


* uon CoLours. 


. rt of America; for the blacks, now there, were, by the Eureprans, long Pays1cs. 
o tranſplanted thither : tho' it contains ſo great a variety of climates, TFWYNV 


Nd particularly reaches quite croſs the torrid zone, from one tropic to the 
Ther. *'Tis true, the Danes are a whiter people than the Spaniards; yes: 
Mis may proceed rather from other cauſes, than the coldneſs of the cli- 
Pate; ſince the Swedes, and other inhabitants of thoſe cold countries, are 

t uſually ſo white as the Danes, nor whiter than other nations, in pro- 
Sortion to their diſtance from the pole. And, in the numerous train of 
ambaſſador extraordinary from the Ruſſian emperor, I obſerved, tho? 

were then winter, the colour of their hair and skins was far leſs whitiſh 
than that of the Danes, who inhabit a milder region; and rather, for the 
"moſt part, of a darkiſh brown. And the phy ſician to this ambaſſador 


81d me, that, in Muſcovy itſelf, the generalify of the people were more 


inclined to have dark-coloured hair, than flaxen ; but ſeem'd to ſuſpect, 
Sat the true and ancient Ruſſians, ſome whereof he had met with in one 
3 the provinces of that vaſt empire, were rather white, like the Danes, 
than any thing near ſo brown, as the preſent Muſcovites, whom he gueſſes 


be deſcended from the Tartars, and to have inherited their colour from 


ut further, eminent authors inform us, that there are Negroes in 
Africa, not far from the cape of Good-Hope, and conſequently beyond the 
ſolthern tropic; and out of the torrid zone, about the ſame latitude to 
north, there are many American nations, that are not Negroes ; and 
rein the inhabitants of Candia, ſome parts of Sicily, and even of Spain, 
not ſo much as tawny. Nay, I find, by our lateſt accounts of Green- 
. that the inhabitants there are olive-colour'd, or rather of a darker 

E. But if the caſe were the ſame with men, and thoſe other kinds of ani- 
mals, before mentioned; I ſhould offer a remark, as a conſiderable proof, 
cold may do much towards making men white, or black. However 
it he, I ſhall ſet down the obſervation, as deſerving a place in the hiſtory 
of whiteneſs and blackneſs. It is affirmed by Olaus Magnus, and others, 


that in ſome parts of Ry/ia and Livonia, hares, foxes, and partridges, 


w#mich were black before, or red, or grey, become white in the depth of 
winter, by reaſon of the great coldneſs thereof. And a virtuoſo, who 

y travelled thro* Livonia to Moſcow, confirms this relation ; adding, 
that himſelf had ſeen ſuch animals there, whilſt they were white, which 
the inhabitants aſſured him had been black, or of other colours, before 
the winter began, and that they would be ſo again, when that ſeaſon 
over. But, for further ſatisfaction, I alſo conſulted one, who had, 

ſome years, been an eminent phyſician in Ryia, and who, tho? he 
Cted ſome other traditions, that are generally believed concerning 
t country, told me, he ſaw no cauſe to doubt of this relation, as to 
s and hares; not only becauſe tis the common and unconteſted aſ- 


| tion of the natives, but alſo, becauſe he himſelf, in the winter, could 
er, chat he remember'd, ſee foxes and hares of any other colour than 

ite. And I myſelf, having ſeen a ſmall white fox brought Ru of 
| Ruſſia, 
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Pays1cs. Rufſia into England towards the latter end of winter, foretold thoſe who 
LYNE ſhew'd him me, that he would change colour in the ſummer ; and accord. 
ingly, coming to look upon him in July, I found that his back and ſides, 
with the upper part of his head and tail, were already grown of a dark 
colour; the lower part of the head and belly ſtill continuing white. 
Let me add, that were it not for ſome ſcruple, I ſhould think mor: 
than what Olaus relates confirm'd by Olearius, who, in his Account of 
Muſcovy, has this paſſage : ** The hares are there grey, but in ſome pro. 
«*< vinces they grow white in the winter.” And ſoon after «© It is not 
very difficult to find the cauſe of this change, which certainly proceed; 
© from the outward cold; ſince I know that even in ſummer, hares wil 
* change their colour, if they be kept for a competent time in a cellar,” 
But in the ſame page, this author affirms the like change of colour that 
happens to hares in ſome provinces of Muſcovy, happens to them alſo i 
Livonia ; and yet immediately ſubjoins, that in Curland the hares vary no 
their colour in winter, tho* the two latter countries be divided only by the 
river Dugna: for it is ſcarce conceivable, how cold alone ſhould have, i 
countries ſo near, ſo very differing an effect; tho? not more ſtrange, than 
what is believed by thoſe who aſcribe the complexion of Negroes to the hea: 
of the ſun, when they would have the river Cenega ſo to affect the Moor. 
that tho? on the north ſide they are but tawny, on the other ſide they ar 
black. There is another opinion as to the complexion of the Negroes, nc! 
only embrac'd by many of the more vulgar writers, but by men of emi 
nence and learning; who would have their blackneſs an effect of Noa 
curſe upon Cham. But tho? a naturaliſt may ſafely believe all the miracle 
atteſted by the holy ſcriptures, yet in this caſe to fly to a ſupernatur: 
cauſe, will, I fear, look like ſhifting off the difficulty, inſtead of ſolvin: 
itz for we here enquire not into the firſt and univerſal, but the prope: 
immediate, and phyſical cauſe of the blackneſs in Negroes. Beſides, . 
not expreſs'd in ſcripture, that the curſe meant by Noah to Cham, was ti: 
blackneſs of his poſterity ; but *cis plain this curſe was quite another thing 
clearly expreſſing that he ſhould be a ſervant of ſervants, that is, a ver, 
abject ſervant to his brethren : which accordingly, in ſome meaſure, cam 
to paſs, when the Maclites, the poſterity of Sem, ſubdued the Canaanii 
that deſcended from Cham, and kept them in great ſubjection. But ho 
is blackneſs a curſe? for navigators tell us of black nations, who think 
differently of their own condition, that they paint the devil white. 
Blackneſs is not inconſiſtent with beauty, which depends not ſo muc 
upon colour, as an advantageous ſtature, a comely ſymmetry of the par 
of the body, and juſt features in the face; ſo that I ſee not why it ſhoul 
be thought ſuch a curſe to the Negroes, unleſs, perhaps, they going nabe 
in thoſe hot climates, the colour of their skin probably makes the ſur 
beams more ſcorching to them, than they would prove to people of 
white complexion. *Tis very probable that the principal cauſe of black 


neſs in Negroes, is ſome peculiar and feminal impreſſion 3 for black - 
Tel. 


upon COLOURS. 


+ \ 


Put of Africa above a hundred years ago, ſtill retain the complexion of 
Fheir progenitors ; tho? poſſibly, in tract of time, it will decay: on the 
ther hand, white people removing into very hot climates, have their 
Pkins, by the heat of the ſun, ſcorch'd into dark colours; tho? neither 
they nor their children are obſerv'd, even in the countries of negroes, to 


*ZFacſcend to a true black. Yet Pio tells us, that betwixt the Americans and 


egroes, are generated a diſt inct ſort of men, which they call Cabocles ; 
and that betwixt Portugueze men and Ethiopian women, he has ſometimes 
een twins, one whereof had a white skin, and the other a black one, 
with other the like effects of ſeminal impreſſions, from whence they ſeem 
to proceed; ſince even organical parts may receive great differences from 
uch peculiar impreſſions, upon what account ſoever they came to be ſet- 
led in the firſt individuals, from whom they are propagated to poſterity ; 
As we ſee in the thick lips and flat noſes of moſt nations of negroes. And 
f we may credit what learned men deliver concerning the little feet of 
the Chineſe, the Macrocephali, taken notice of by Hippocrates, will not be 
he only inſtance we might apply to our preſent purpoſe. And on this oc- 
"Gafion it may not be impertinent to add what I have obſerved in other ani- 
als. Thus there is a ſort of hens which want rumps; and I have ſeen a 
Perfectly white raven, both in bill and feathers ; which I attentively con- 
er'd, for fear of being impos'd upon. A very ingenious phyſician has 
ten told me of a young lady, a patient of his, who greatly complain'd 
want of health, tho? there appear'd ſo little cauſe thereof in any re- 
Jpect, that he concluded it wholly imaginary, and advis'd only little 
Journeys of pleaſure ; when going once to viſit St. Vinifrid's well, the 
lady, who was a catholic, and devout in her religion, having continued a 
Pretty while in the water, to perform ſome devotions, fix'd her eyes very 
—Mrtentively upon the red pebble ſtones, which, in a ſcatter'd order, made 
large part of thoſe that appear'd thro* the water. A while after this, 
"the grew big, went her time, and was deliver'd of a child, whoſe skin 
| LE plentifully ſpeckled with ſpots of the colour and magnitude of thoſe 
tones: and tho? this child is many years old, yet ſhe ſtill retains them. 
I have but two things here to add concerning the blackneſs of negroes; 
the one is, that the ſeat of that colour, ſeems to be only the thin outward 
kin; for I knew a young black, who, having been lightly ſick of the 
\ZTmall-pox or meaſles, had, in the places of the puſtules, whitiſh ſpecks 
left behind. And Pio aſſures us, that upon diſſecting many negroes in 


XX Brazil, he found their blackneſs went no deeper than the cuticle, which 
being removed, the cutis appear'd as white as that of European bodies. 
And the like has been affirm'd to me by a phyſician, who diſſected a ne- 
© groec in England. The other thing I ſhall here take notice of concerning 
negroes, is, that an intelligent acquaintance of mine, who keeps about 
three hundred, women and men, to work in his plantations in the Indies, 

told me their children came into the world almoſt of the like reddiſh co- 
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| N dren, brought over into theſe colder climates, loſe not their colour. And Paysrcs, 
redible authors inform us, that the offspring of negroes, tranſplanted LENNY 
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Physics. lour with our European children; and that in a few days after they ap. 
year d black. Agreeable hereto is the account lately publiſh'd by a Jeſuit, 
one of the miſſionaries into South- America, who there baptiz*d ſeveral 
infants ; which, when newly born, he ſays, were much of the ſame colour 
with European children, but within about a week begin to put on the hue 
of their parents. More full is the teſtimony of our countryman, Andreu 
Battel ; who being ſent priſoner to Angola, lived there, and in the adjoin- 
ing regions, near eighteen years; for he mentioning the African kingdom 
of Longo peopled with blacks, ſays, according to Purchas, The children 
sin this country are born white, and change their colour in two days to 
s a perfect black. The Portugueze, in the kingdom of Longo, have ſome- 
times children by the negro women; and the fathers are often deceiv'd, 
thinking that when the child is born, it is theirs, and within two days 
eit proves itſelf the child of a negroe.“ And the ſame perſon has elſe- 
where a relation, which, if we may credit it, is very well worth our notice; 
fince this, together with what we have formerly mention*d of ſeminal im- 
preſſions, ſhews it poſſible that a race of blacks might be begun, tho? none 
of the ſons of Adam were for many precedent generations of that com- 
plexion. Tis ſurely as poſſible, that white parents may ſometimes have 
black children, as that African negroes ſhould fometimes have laſtingly 
white ones; eſpecially ſince concurrent cauſes may more eaſily favour the 
production of the former, than, in the ſcorching heat of Africa, that of 
the latter. And I remember, what may a little countenance this aſſertion, 
that the poſſeſſor of the white raven I formerly mention'd, affirm'd to me, 
that in the neſt, out of which he was taken white, they found with him 
another young one, of as perfect a black as any common raven. But to 
come to the paſſage itſelf : ** There are, ſays our author, ſpeaking of the 
* regions formerly mention*d, born in this country white children, which 
<< js very rare among them, for their parents are negroes; and when any 
of them are born, they are preſented to the king, and are call'd Dondos. 
© Theſe, who are as white as any white men, are the king's witches, 
and are brought up in witchcraft, and always wait on the king. There 
js no man that dares meddle with theſe Dondos; if they go to the mar- 
„ ket, they may take what they liſt ; for all men ſtand in awe of them. 
<© The king of Longo hath four of them.“ Yet this country in our globes 
is placed almoſt in the midſt of the torrid zone; and our author elſewhere 
tells us, that the inhabitants here are ſo fond of their blackneſs, that they 
will not ſuffer the whites to be buried in their land; of which he an- 


| nexes a particular example, that may be ſeen in his voyage, preſerv'd 

| by the induſtrious Purchas. But it is high time to return to our expe- 

| riments. * 

Whiteneſs pro- 13. The way of producing whiteneſs by chymical precipitations, is - 
_ ?n . well worth our obſerving ; for thereby bodies of very different colours 7 

, a and natures, tho* diffolved in various liquors, are all reduced to white 

powders. Thus we find, that not only crabs eyes, and pearls, but red 

coral, and minium, being diſſolved in ſpirit of vinegar, may . _ 

ormly 


, * | 
br my precipitated by oil of tartar into a white calx. Thus filver, and Parysrcs. 
ng ta in Agua fortis, will the one precipitate itſelf, and 


upon CoLours. 


De other be precipitated, by common falt-water into white powders; 
4 4 fo will —— lead, tin-glaſs, and quick · ſilver, diſſolved in Agua fortis, 
hc precipitated ; and many of theſe powders may be made, at leaſt, as 


i. and white, if, inſtead of oil of tartar, they were precipitated with 


l of vitriol. Nay, that black mineral antimony being reduced, by the 
ts that concur to compoſe common ſublimate, into the clear unctuous 
1 quor, called reCtify'd butter of antimony, will, as was before obſerved, 
the bare plentiful affuſion of fair water, be ſtruck down into a ſnow- 
white powder; which, when well waſhed from its faltneſs, is term'd 
curiusvite ; tho? the like powder may be made of antimony, without 
lie addition of any mercury at all. And this whiteneſs commonly en- 
"Mes, when ſpirit of wine, impregnated with thoſe parts of gums, or 
Sher vegetable concretions, ſuppoſed to abound with ſulphureous cor- 


4 ſcles, is ſuddenly diluted with fair water. And on a tincture of 


njamin, drawn with ſpirit of wine, and brought to be as red as blood, 
kaving procured ſome fair water, it preſently united with the tincture, 
and turn'd the whole mixture white, But if fuch milky fluids be ſuffered 
to ſtand at reſt for a convenient time, they uſually let fall to the bottom 
à ſeſinous ſubſtance ; which the ſpirit of wine, diluted, and weakned by 
ing water, was unable any longer to ſuſtain. And ſomething of kin to 
Mrs of colour in vegetables, is that which chymiſts obſerve, in 


uring acid ſpirits to the red ſolution of ſulphur, made with an infuſion. 
af pot-aſhes, or ſome ſharp lixivium ; when the precipitated ſulphur, 
More it ſubſides, immediately turns the red liquor white. But though 
moſt precipitated bodies are white, yet ſome are not. Gold, diffolved in 
"2 regis, whether precipitated with oil of tartar, or with ſpirit of fat 
Moniac, will not afford a white, but a yellow calx. Mercury alſo, 
Hugh reduced to ſublimate, and precipitated with liquors, aboùnding 
volatile ſalts, as the ſpirits drawn from urine, hart*'s-horn, and other 
animal ſubſtances ;' yer affords, as we formerly noted, a white precipitate: 
Mt, with ſome ſolutions, hereafter to be mentioned, it will let fall an 
— powder. And ſo will crude antimony, if, being diffolved 
wa ſtrong lixivium, you pour any acid liquor upon the ſolution, newly 
Med, whilſt it is yet warm. And if, upon the filtred ſolution of 
mitriol, you pour a ſolution of lixiviate falts, there will ſubſide a large 
Wbſtance, very far from white, which the chymiſts call ſulphur of 
Ftriol ; ſo that the greateſt part of diſſolved bodies being, by precipitati- 
WD, brought to white powders, and yet fome affording precipitates of 


her colours, the reaſon of both the phenomena may deſerve to be in- 
Wired into. | | | 


A 14. Some learned moderns are of opinion, that the reaſon why white - 7hether blact 
and blackneſs ought to be called the two extreme colours, is, that receives n 


ck receives no other colour, but white very eaſily receives them all. 7777 07, 
d, not to diſpute about words, or expreſſions, the thing itſelf, that is ? 


affirmed 
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Pavs1cs. affirmed as matter of fact, ſeems to be true, in moſt caſes, but not in 
EK all. For tho? it be a common obſervation among dyers, that cloth which 


gold alone bad been rubbed upon the ſtone, | 
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has once been thoroughly imbued with black, cannot well afterwards be 
dyed of a lighter colour; yet the experiments, lately delivered, may 
ſhew, that, were the change of colour in black bodies attempted, not 
by mixing thoſe of lighter colours with them, but by adding ſuch things, 
as are proper to alter the texture of thoſe corpuſcles, which contain the 
black; tis no difficult matter to effect. For inks of ſeveral kinds, 
may immediately be deprived of all their blackneſs ; and thoſe made 
with log-wood, and red-roſes, be changed, the one into a red, the 
other into a reddiſh liquor. With oil -of vitriol, I have ſometimes 
turn'd black pieces of ſilk into a kind of yellow; and though the taffaty 
were thereby made rotten, yet that no way prejudices the experiment ; 
the change of black ſilk, into yellow, being never the leſs true, be- 
cauſe the yellow ſilk is not good. And as for whiteneſs, I think the 
general affirmation of its being ſo eaſily deſtroyed, or tranſmuted, by 
any other colour, ought not to be received, without ſome cautions, and 
reſtrictions. For tho', according to what I have formerly noted, lead is, by 
calcination, turn'd into that red powder, called minium ; and tin, by the 
ſame means, reduced to a white calx; yet the common putty, inſtead of 
being, as it is pretended, and ought to be, only the calx of tin, is, by 
the artificers who make it, to ſave the charge of that metal, compoſed 
but of half tin, and half lead, if not far more lead than tin; and yet 
the putty, in ſpight of ſo much lead, is a very white powder, without 
diſcloſing any mixture of minium. And ſo, if you take two parts of 
copper, which is a high-coloured metal, and but one of tin, you may, by 
fuſion, bring them into a maſs, wherein the whiteneſs of the tin is much 
more conſpicuous, and predeminant, than the reddiſhneſs of the copper. 
And a very honeſt man aſſures me upon his own experience, that if 
arſenic and copper be melted together in a due proportion, the arſenic will 


blanch the copper both within and without; and that this white mixture, 


skilfully kept upon the cupel, would preſently let go its arſenic, which 
made whiteneſs its predominant colour, and return to the reddiſhneſs o 
copper: ſo that ſome white mineral bodies may be very capable of eclip- 
Jing others, and of making their colour predominant in mixtures. And, 
as a further confirmation of this, I remember, that I had a lump of filve 
and gold, melted together, wherein, by the eſtimate of a very experience 
refiner, there might be about a third part of gold; yet the yellow colour 
of that metal was ſo hid, that the whole maſs appeared to be ſilver; and, 
when rubbed upon the touch-ſtone, twas not eaſily diſtinguiſhed from the 
touch of common ſilver : tho? if I put a little Agua fortis, upon any par 


of the white ſurface it had given the touch · ſtone, the ſilver, in the moiſten- | 


ed part, being immediately taken up, and conceal'd by the liquor, th. 
golden particles would preſently diſcloſe themſelyes, and look as if pur: 


I 5. Having 
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15. Having ſcraped a piece of black horn, with a piece of gfafs, into Pays1cs. 
any thin curled ſhavings, and laid a quantity of them together; I found.. 
at the heap they compoſed, was white: and tho? if I laid it on a clean 

jece of white paper, its colour ſeem'd ſomewhat eclipſed by the greater 

hiteneſs of that body; yet if I laid it upon any thing very black, it ap- 

ared to be of a good white. This eaſy experiment ſeems very oppoſite % depend 
their doctrine, who would have colours flow from the ſubſtantial forms 257 oy the ſub. 
f bodies; and that of the chymiſts alſo, who aſcribe them to one, or fantial forms 

ther, of the three hypoſtatical principles: for tho*, in our caſe, there of bodies. 


Fas ſo great a change made, that the ſame body, without being, ſub- 


ntially, either increas'd, or leflen'd, paſſes immediately from one ex- 
me colour to another, even from black to white; yet this ſo great and 
den change, is effected by a flight mechanical tranſpoſition of parts; 
ere being no falt, ſulphur, or mercuty, added, or taken away; nor 
y ſubſtantial form generated, and deſtroyed ; the effect proceeding only 
m a local motion of the parts: which ſo vary'd their poſition, as to 
multiply their diftin& ſurfaces, and qualify them to reflect far more light 
the eye, than they could before they were ſcraped off from the entire 
y of the black horn. | | 
66. The chymiſts, we know, uſually aſſign, for the cauſe of black- The chymica! 
nes, the fuliginous ſteams of aduſt ſulphur ; but many of the preceding 2 * 
e will abundantly confute this doctrine. If they here mean the — 


es of common ſulphur, 'tis proper to remind them, that fuſion, or 
imation, does not turn that ſubſtance black; but it thereby becomes 
2 more or leſs white; and, when fired, it affords ſo little ſoot, as 
krce, in any degree, to blacken white paper; but the ſmoke of it rather 
nches linen, and turns red roſes pale. Beſides, I have ſeen a fixed 
d of ſulphur kept, for many weeks together, in a very violent fire, 


"Mar did not, when cool'd, appear black, bur of a true red. It, by ſul- 


r, they mean the ſulphureous principle ; upon this ſuppoſition, torri- 
ſulphur ſhould afford more blackneſs, than moſt other concretes 3 


erein that principle is ſuppoſed more deficient. Yet ſpirit of wine, tho? 


ally inflammable, will not, by burning, diſcolour white paper, held 
r it; and the ſmoke of our Tinby coals has been found, rather to 
ch, than blacken linen. To theſe particulars, many others, of the 


Me kind, might be added; but we need only look back, for further ſa- 
action, to our way of making black inks, from ſubſtances of different 


ours; for how can it be ſaid, that, when the component liquors thereof 
put together, actually cold, and continue ſo, after their mixture, 
re intervenes any new aduſtion of ſulphur, to produce the emergent 
ckneſs? And when, by inſtilling a few drops of oil of vitriol, 
. the blackneſs, produced in thoſe experiments, is preſently deſtroy'd ; 
the colour proceeded only from the ſulphureous parts, torrify'd, 


the black bodies, I demand, what becomes of them, when the co- 
r ſo ſuddenly diſappears? for it cannot reaſonably be ſaid, that all 


ö org ſufficed to make ſo great - quantity of black matter, ſhould 


reſort 
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reſort to ſo very ſmall a proportion of the clarify ing liquor, and be dily. 
ted by it, without giving it any blacknefs. And if it be faid, that the in- 
ſtilled liquor diſperſed thoſe black corpuſcles; I demand how that diſper- 
ſion comes to deſtroy their blackneſs, but by ſuch a local motion of their 
parts, as deſtroys their former texture? This may be a matter of ſuch 
moment, in caſes like ours, that I remember I have, in a few hours, with- 
out addition, from ſoot itſelf, obtain'd a large quantity of cryſtalline ſalt, 
and of a tranſparent liquor; yet this black ſubſtance had its colour ſo al- 
tered, by the change of its texture from the fire wherewith it was diſtilled, 
that it did, for a great while, afford ſuch plenty of very white exhalations, 
that the receiver, tho? large, ſeem'd to be almoſt fill'd with milk. Se- 
condly, But were it granted, as it is in ſome caſes not improbable, that 
bodies may receive a blackneſs from a ſooty exhalation, occaſion'd by the 
aduſtion of their ſulphur, or oily parts; yet this is applicable only to 
fome particular bodies, and will afford us no general theory of blackneſs, 
For if, for example, white hart's-horn, included in veſſels well luted to 
each other, and expoſed to the fire, be ſaid to turn black, by the infection 
of its own ſmoke ; I think I may juſtly demand, what makes the ſmoke, 
or ſoot itſelf, black, ſince no ſuch colour appeared before in the hart's- 
horn? And, with the fame reaſon, when we are told, that torrify'd ſul. 
phur makes bodies black; I deſire to be told alſo, why torrifaction makes 
fulphur itſelf black? Nor will there be any ſatisfactory reaſon aſſigned 
of theſe queries, without taking in thoſe intelligible mechanical prin- 
ciples of the poſition and texture of the minute parts of the body, 
with regard to the light and the eye; which may: ſerve the turn, 
in many caſes, where the aduſtion of ſulphur cannot be pretended, 
as in the apparent blackneſs of an open window, view'd at a diſtance, 
Sc. in which, and many other cafes, formerly alledged, there appears 
nothing requiſite to the production of blackneſs, but a prevention of 
the incident. rays of light, from being plentifully enough reflected to the 
eye.“ In ſhort, the doctrine I here oppoſe, is pleaded for, as chymilts 
commonly argue about qualities; who content themſelves to fay in 


* For the production of black, Sir {/aac « yeaſon of their very great number, e- 
Newton obſerves, that the corpuſeles of « f ,overiperacling the groſs particles 
the body muſt be much leſs than any of | others; why glaſs, ground very elabo 
* thoſe which exhibit colours. For at all *« rately with fand, on a copper-plate, til 
<« greater fizes, there is too much light re. © it be well poliſhed, makes the ſand, tv 
„ fleted, to conſtitute blackneſs. And « gether with what is worn off from tbe 
from hence, ſays he, may be underſtood, | „ glaſs and copper, become very black; 
« why fire, and the more ſubtile diffolver, * why black ſubſtances do ſooneſt, of al 
«« putrefaction, by dividing the particles of | others, become hot in the ſun's light, and 
«« ſubſtances, turn them to black; why | burn; conſidering the multitude of 1 
«© fmall quantities of black ſubſtances impart | « fractions in a little room, and the ea, 


i. 


„their colour very freely, and intenſely, to | © commotion of ſuch very ſmall corpu 


other ſubſtances, to which they are ap- “cles, c.“ See Newton. Optic. p. 233. * 
<< plied; the minute particles af theſe, by 18 | 


whit 
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op hat ingredient of a mixed body a particular quality os, inſtead of Py vsics. 


Scplaining its nature. 


SECT. III. 


ir | 
I Here propoſe to throw together the miſcellaneous experiments I have 
h. made, with relation to colours. 
I, l know of no way more likely to convince the generality of men, how Many changes 
ll Mreat a ſhare the variable texture of bodies may have, in making them ap- 4 24 5 4 
d. Wear of differing colours, than by ſhewing how the addition of a ſingle 2 %% ingredi. 
* gredient, that either is colourleſs, or at leaſt has not any of the colours. 
. be produced, is immediately able, by introducing a ſecret change of 
nat ture, to make the body *tis put to, appear ſometimes of one colour, 
the metimes of another; according as the parts of the body wrought upon, 
0 e diſpoſed to receive ſuch a change, as modifies the incident rays of light, 
els, reer the manner requiſite to make them exhibit a blue, a green, a red, or 
0 me other particular colour. 2 
don For this end, I made choice of the ſpirit of ſalt, as that which is very 
ke, Kwplc ; and which, if it be not too highly rectified, may be had clear, 
Us- #8 colourleſs. With this ſpirit, I proceeded to make the following ex- 
ſul- Fiments, upon ſeveral bodies, whoſe differing textures ſeem'd to fit them 
kes rr purpoſe. | 
ned g. Some drops of well-coloured ſyrup of violets, being let fall together 
rin- pn a piece of white paper; if a third, or fourth part ſo much ſpirit of 
dy, be mixed with them, the ſyrup will preſently become of a red colour, 
urn, Wally inclining to purple. 
led; 2. But if the liquor to be ated on, be otherwiſe diſpoſed, *ris poſſible, 
nc, th ſpirit of ſalt, to turn it from a blue colour, not to a red, but to a 
ears een; as I have ſometimes done, by letting fall into a deep ſolution of fi- 
n of gs of copper, made with an urinous ſpirit, as that of fal-armoniac, juſt 
> the many drops of ſpirit of falt, as were requiſite to produce the change in- 
miſts zended. A very ſmall error, either in exceſs, or defect, may leave the 
y In a ſtill blue, or bring it to be colourleſs. 
3. Upon a few drops of good ſyrup of violets, let fall two or three 
r, er Mops of good ſpirit of urine, hart's-horn, or the like; and when, by 
= Ming them well, the ſyrup has acquired a fine green colour; by putting 
be it a little of the ſpirit of ſalt, and ſtirring it, you may turn the green 
e, P git, y y gr 
d, to rup into a red. | 
m 5 4. If you put a quantity of red roſe- leaves, well dried, into a glaſs vial, 
burg moſt full of fair water; and, ſoon after, put to them as much ſpirit of 
vt, and it as will make the water pretty ſharp; you will quickly ſee, both that 
of r- Nuor, and the contained leaves, brought to a fine lovely red, which they 
e a) ill long retain. The like effect ſpirit of ſalt will have on ſome other ve- 
2 tables of a ſtiptic, or of an aſtringent nature. 
5. But if, by infuſing brazil-wood in fair water, you make a tincture of 
s 3 which you may much deepen, by dropping into ita little ſpirit of hart's- 
W 


Porn, or of urine ; and you then put to it a little ſpirit of falt, ic will pre- 
J — 


2 ſently 
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Paysics. ſently change from a deep reddiſh colour, to a colour far more pale, or 
c rather yellow; ſo that the ſame ſpirit acting upon two vegetable tinctures, 


differently diſpoſed, draws out, and heightens redneſs in the one, and 
deſtroys it in the other. ; : 
6. If you make an infuſion of true Lignum Nephriticum, in ſpring water, 


it will appear of a deep colour, like that of an orange, when you place the 


vial between the window and your eye; and of a fine deep blue, when 
you look on it with your eye placed between it and the window : but if 
you ſhake into this liquor a few drops of ſpirit of ſalt, the blue colour 
will preſently vaniſh, and appear no more, in what light ſoeyer you viey 
the vial 3 tho? the liquor will ſtill retain the orange-colour. 

7. We took common writing ink, and having let fall ſeveral drops of it 
upon a piece of white paper; ſo that, when it grewdry in the air, ſome 
parts of the ink lay thick, and ſome thinner, upon the paper, whereon it 
ſpread itſelf: we then put a few drops of ſtrong ſpirit of ſalt, ſome on one 
part of the black*d paper, and ſome on another; and obſerved, that in 
thoſe places, where the ſpirit had been put, or to which it reached, the 
blackneſs was quite deſtroyed, and was ſucceeded by an unpleaſant kind of 
colour, that ſeem'd, for the molt part, to participate of yellow and blue, 
neither of them good in kind. 

8. If in ſpirit of ſalt, you diſſolve filings of ſteel, and lowly evaporat: 
the filtred ſolution, it will ſhoot into a kind of Yitriolum Martis, which ap- 
pears green, as well as that which chymiſts vulgarly make with oil of 
vitriol. And if you take theſe cryſtals, made with ſpirit of falt, and, 
when they are dry, keep them in a crucible ; you will find, that even 
moderate fire, if duly apply'd, will make them, in a ſhort time, exchange 
their green colour for a red, like that of the finer ſort of Crocus Marti: 
as, indeed, this operation makes them referable to that ſort of medicine, 

9. We took ſome mercury, precipitated per ſe; and tho? crude mercury 
is not, as far as I have tried, ſoluble in our Eugliſb ſpirit of falt ; yet thi: 
red precipitate readily diſſolved in that liquor, without at all imparting 
its own colour to it. I alſo found, that red lead, being boiPd a while ir 
good ſpirit of ſalt, the redneſs totally diſappear*d. So that the ſame agent 
which produces redneſs in ſeveral bodies, in our two caſes quite aboliſh'd 
it. Thus alſo, the reddeſt coral being diſſolved in our menſtruum, the 
redneſs vaniſhes, and the ſolution appears colourleſs. 

10. Take ſmall filings of copper, and having poured thereon good ſpiri 
of ſalt, till it ſwim, about two fingers breadth over them ; keep the vial in 
a pretty ſtrong ſand-heat, till you perceive the menſtruum has diffolved: 
competent part of the metal : then warily take out the vial, and holding 
it between your eye and the light, you will perceive the ſolution of coppe! 
to be of a dark and troubled colour, often inclining to a deep, but 
muddy red. | | | 

11. But if you pour this ſolution into a wide-mouth'd glafs, and let! 
Rand for a competent time, the expoſed liquor will appear of a green, 
much finer than that of the cryſtals of iron. 0 

oy | 12. Take 
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14. Being deſirous to produce two 


e: leaves, a very fine and durable ſcarlet colour. 
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12. Take the clear limpid ſolution of 
10 /crtis, and drop upon it ſome ſpirit 
Far liquor turn'd white as milk, which, after 
Fecipitate of the ſame colour. id. | 
13. And if, inſtead of a ſolution of ſilver, or quick: ſilver, you take 


a while, will let fall a 


d ſolution, or tincture, of benjamin, or of the reſinous part of jalap 
Mot; you'll alſo have, upon the affuſion of ſpirit of ſalt, a white liquor, 


Wd a precipitate of the ſame colour. 
differing colours at once, by the 


me affuſion of ſpirit of ſalt; I infuſed ſome dry'd red roſe-leaves in fair 


ter, till it had acquired a deep colour from them: to this infuſion, 


pe ured off warily, that it might be clear, I added a conſiderable propor- 
n of the ſweet liquor, made by digeſting ſpirit of vinegar upon red 
d; by which I knew *twould be turn'd of a bluiſh green. Upon this 
Wmoſt opake liquor, I pour'd ſpirit of ſalt, which precipitated the lead 
at had been diſſolved in the ſweet liquor, into a very white powder, 
auc gave the remaining liquor, well impregnated with particles of the 
' And if the experi- 
Myt be well made, you may barely, by ſhaking together, and confound- 
Ing. the white powder with the red liquor, make a carnation-colour, 
wich will appear very fine and lovely, whilſt it laſts; but, in no long 
me, the two ſubſtances that compoſe it, ſeparate, by degrees, and ap- 
each in its former place and colour. 

5. We took ſome ſpirit of ſalt, that, having laid long upon filings of 


Wper, had loſt the muddy tincture it firſt acquired, by being almoſt 


1 


e 
; 


4 


i'd upon them. This liquor, that look'd like common water, we 


Hur'd into a ſmall wide-mouth'd cryſtal glaſs, and leaving it in a win- 
, it appeared, in forty minutes, to have acquired a colour, much like 
"Wilt of a German amethyſt ; and ſeem'd to have no tendency to greenneſs. 
in about three hours time, it appear'd of a lovely green. 
Fo Precipitate a ſtrong ſolution of ſublimate made in fair water, with a 
Mcient quantity of oil of tartar, per deliquium; put the liquor and pow- 
into a filtre of cap-paper, and when the water is run thorough, the 
be will remain in the filtre; which is to be ſlowly dry'd. Then. 
Me it out of the filtre, in the form of a groſs powder, and having put it 
Ito a clear glaſs, let fall on it, warily, ſome drops of ſtrong ſpirit of. 
At; and, during the conflict that will be made, the little lumps of the 
ecipitate will loſe all their former brick-duſt colour, and turn white; 
Wo” afterwards they will appear diſſolved into a tranſparent liquor, wherein 
e orange-colour is quite aboliſhed. 


17. Having calcined copper, without any addition, but of fire and water; 


We took a quantity of it, and having poured thereon about three or four 
Nes its quantity of good ſpirit of ſalt, we obtain'd a muddy reddiſh 

Juor, and a white powder, whoſe” quantity bore a conſiderable pro- 
rtion to the part that was difſolved ; in which part itſelf, by the affu- 


en of common water, and the action of the air, we afterwards pro- 


ed more than one change of colour. 


18, We 


ſilyer, or of mercury, made in PR sies. 
of ſalt; and you will find tge 


nnen 18. We ſometimes took a ſpoonful of the dark brown, or ſomewhat 
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WAYAL reddiſh ſolution of copper; and having put it into a cylindrical vial, that 


the change of colour might appear the better, we poured on it two or 
three ſpoons-ful of highly rectify'd vinous ſpirit ; and giving the glaſs a 
ſhake, to mingle them, we preſently had a lovely green liquor; which, 
when well ſettled, was very fair, and look*d as if it were a liquid 
emerald. | | 

19. Having moiſten'd a ſmall part of ſome green taffaty-ribband, twice 
or thrice, with good ſpirit of ſalt, we ſuffer'd it to dry of itſelf, which it 
did in a ſhort time; and then found, that the part wetted was no longer 
of a green, but a blue colour. The ſame ſpirit preſently turn'd that part 
of a piece of black ribband, upon which we put two or three drops of it, 
to a colour not unlike what is call'd Fueille morte. 

20. Tis uſual to ſee books covered with paper, that looks ſometimes of 
a —— blue colour, bordering upon purple; and ſometimes upon that 
of violets. The deeper coloured paper of this fort, I have ſeveral time 
held in one hand, and with the other lightly touched it here and there with 
the end of a feather, dipped in ſpirit of ſalt; which almoſt in the twink. 
ling of an eye, dy'd the touched parts of the paper of a lovely red, that 
would ſometimes long continue very vivid. And if, inftead of a feather, 
T uſed a bruſh, dipt in- the faline ſpirit, and made many drops at once fall 
upon the paper; *twas pleaſant to ſee how ſuddenly it would be ſpeck- 
led. | | 

21. Upon well-powdered antimony, we pour'd three or four times it 
weight of good ſpirit of ſalt; and cauſed it to be boiled in this liquor, 
in a glaſs veſſel, wherein a part of it was diſſolved, and taken up into 
the menſtruum ; when the antimony quite loft its blackneſs. And this 
fpirit of ſalt, thus impregnated, being dropped into fair water, the black 
mineral immediately ſubſided, in the form of a very white powder or pre- 
cipitate. | 

Reber, by the way, it were not amiſs, if phyſicians, chymiſts, &: 

who compound drugs, or other ingredients, would be leſs forward 
than they uſually are, to jumble ſeveral of them together either unne- 
ceſſarily, or without a due regard to their qualities, in reſpect of one 
another. For moſt of us are but too liable to be miſtaken, when we 
preſume before-hand to ſay what changes the coalition, or other aſfocia- 
tions of differing bodies ſhall produce; eſpecially if they be either ſaline, 
or plentifully partake of a faline nature: ſince experience frequently 


ſhews, that by the action and re- action conſequent upon untry'd ways f 


compoſition, there ariſe in the mixture new and unlook'd- for conſiſtences 
and other qualities or accidents. And tho' it may ſometimes happen, 
that theſe new qualities ſhall prove advantageous, yet this may well be 
look*d upon but as a lucky chance; and it may ſtill be juſtly fear'd, 
that, ordinarily, ſuch — 1 qualities of a medicine will prove to be 
either worſe than were expected, or at leaſt different from what was de- 
Agn'd, and conſequently leſs fit for the phyſicians or the artiſts . ; 
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. 0a. 11, About ten in the morning, the weather being fun inh. Pu sies. | 
IK coo ſeveral forts of ſtajn'd paper, ſome of one, colour, and ſome of N : 
W 


ther, and in a darkned roam, whoſe window look'd ſouthward, we with 7 rages io 

10 n caſt the beams that enter'd at a hole about three inches and a half Fe roms. 
* W meter, upon a white wall that ſtood on one fide, about five foot diſtance 
„ m them. The white gave much the brighteft reflection. The green, 

, and blue being compared together, the red gave much the ſtrongeſt 
| aection, and manifeſtly threw its colour upon the wall; the green and 
7 e were ſcarce diſcernible by their colours, and ſeem'd to reflect an al- 
. oft equal light. The yellow, compared with the two laſt, reflected ſome - 
A What more light. The red and purple being compared together, the for- 
x fer manifeſtly reflected much more light than the latter. The blue and 
1. Irple compared together, the former ſeem d to reflect ſomewhat the 
* wore light, tho? the purple colour was moſt vifible. A ſheet of very well 
oF Wek'd marbled paper being apply'd as the others, did not caſt any of its 
N Wt inct colours upon the wall, nor throw its light with an equal diffuſion 
8 reon; but ſent the beams unſtain*d and bright to particular parts there- 
K as if its poliſh had given it the nature of a ſpeculum. But comparing 
of ich a ſheet of white paper, we found the reflection of the latter to be 
hat much the ſtronger ; this diffuſing almoſt as much light to a conſiderable 
＋ nt, as the marble paper did to one part of the wall. The green and 
3 pi ple left us ſome what in ſuſpence which reflected the moſt light; only 


purple ſeem'd to have ſome little advantage over the green, which was 
in its kind. | of 

. Though a darken'd room be generally thought requiſite to make the 
or, our of one body appear by reflection from another that is not ſuppoſed. 


* act as a ſpeculum ; yet I have often obſerv'd, that when I wore waſt 
this Wats lined with filk that was very gloſſy and vividly colour'd, but eſpe- 
ck ya N if red, I could in an enlighten d room plainly difcern the colour up- 
re- the pure linen that came out at my ſleeve; as if that fine white body 
® more of a mirror than colour'd and unpoliſh'd bodies are uſually ſup- 
ard 3. Holding ſtain'd ſheets of paper, ſometimes one, and ſometimes ano- 


and the eye, with the colour'd ſides obverted to the ſun, we found 
men ſingly to be ſamewhat tranſparent, and to appear of the ſame'colour 
dia. ns only a little alter'd by the great light they were placed in: but 


ne- 1 before the hole of the window in the darken'd room, betwixt the 


ine, Pplying two of them one over another to the hole, the colours were com- 
i Punded as follows: The blue and yellow ſcarce exhibited any thing but 
of 4 darker yellow, which. we aſcribed to the coarſeneſs of the blue paper, 
ices its darkneſs in its kind. For applying the blue parts of the marbled 
en, Pper with the yellow paper after the ſame manner, they exhibited a 
Ib: Pod green. The yellow and red look'd upon together, gave us but a 
rd, . rk red, a little inclining to an orange-colour, The purple and red 
be ew 'd together, ar'd more deeply ſcarlet. The purple and yellow 


de- ade an orange. The green and red made a dark orange-tawny. The 


*F 


green 
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 Paysrcs, oreen and puple made the purple appear more dirty. The blue and pur- 
ple made the purple more delightful, and far more deep. The red parts 


Hg. 1 . 


of the marbled paper view'd with the yellow, appear'd of a red, far more 
like ſcarlet, than without it. But the fineneſs or coarſeneſs of the paper, 
its being carefully or ſlightly colour'd, with many other circumſtances, 


may ſo vary the events of ſuch experiments, that they ought to be care. 


fully repeated, before any concluſion is drawn from them. 
4. The triangular priſmatic glaſs being a very commodious inſtrument 


to ſhew the nature of colours, we thought proper to obſerve the ſevera| 
reflect ions and refractions which the rays of light undergo in falling upon 


or paſſing through it. And this we imagined might be beſt done, not in 


an ordinary enlighten*d room, where even the curious have left particulars 


unregarded ; but in a darken'd one, where, by placing the glaſs in a 
convenient poſture, the various reflections and refractions may be diſtinct. 


iy obſerv*d ; and where it may appear what rays are untinged, and which 


they are that paint upon the 'bodies whereby they are ſtopt, either the 
ny or ſecondary iris. In purſuance hereof, we obſerv'd in a dar- 

en*d room four reflections and three refractions, that were afforded uz 
by the ſame priſm. And notwithſtanding the rules of catoptrics and diop- 
trics, we thought 1t would not be amiſs to find, by covering ſometimes one 
part of the priſm, and ſometimes another, and obſerving where the light 
or colour vaniſhed thereon, by which reflection and by which refraction 
each of the ſeveral places where the light falling, or paſſing through the 
priſm, and appearing either pure or ting*d, gave the phenomena. But be- 
cauſe theſe and other particulars which we obſerv'd, would be tedious, 
and not ſo intelligible to deliver in words, I refer to the ſcheme, where 
all of them may be taken in at one view. ; 


P PP an equilatero-triangular cryſtalline priſm, one of whoſe edges 
is placed next the ſun. - f | 
ABandag, two rays from the ſun falling on the priſm, at BE; and 
22 partly reflected towards C and y, and partly refracted toward 
D and . | 
BC Y, thoſe reflected rays. 
B D and 8s, thoſe refracted rays, which are again partly refracted to- 
Wards E and e, and there repreſent an iris 12345, denoting the five 


ſiucceeding colours, red, yellow, green, blue, and purple, and pa- 


ly reflected towards F and &. . 


D and F, and &, thoſe reflected rays, which are partly refracted to- x 


wards G and.n colourleſs, and partly reflected towards H and h. 
F H and & , thoſe reflected rays, which are refracted towards I and, 
and there repreſent another fainter iris; the colours of which are cor- 
trary to the former 54321, ſignifying purple, blue, green, yellow, 
red; ſo that the priſm in this poſture repreſents four rain-bows. 


g. We obſerv'd in a room not darken'd, that the priſmatic iris might be 


reflected, without loſing any of its ſeveral colours, not only from a plain i 
looking- | 


. 
. as © 
1 


>, 
1 * 
. - 


looking-glaſs, and from 
goncave looking-glaſs 3 


pon Colours. 


the ſmooth ſurface of fair water, but alſo from a Physics. 
and that refraction did as little deſtroy thoſe co- CFVYAL 
urs, as reflection. For by the help of a large double-convex glaſs, 

ro? which we refracted the ſun's rays, we found that tho? one part of the 
is might be made to appear either beyond or on this ſide of the other 
Parts thereof; yet the ſame vivid colours would appear in the diſorder'd 
Hart as in the other. And by covering that ſide of the priſm obverted to 
e ſun, with an opake body, wherein only one ſmall hole was left for the 
ght to paſs thro*, having reduced the priſmatic iris, caſt upon white pa- 


Per, into a very narrow compaſs, and view'd it thro' a microſcope, the 
Polours appear'd the ſame, as to kind, they did to the naked eye.“ 
6. It may afford matter of ſpeculation, that as the colours of out- 


and 


n 


905 The more general phenomena of the 
mim, as obſerv'd by the illuſtrious Sir Iſaac 
on, are, in ſhort, as follow. 


The rays of light paſſing thro' the 


1 Wn whereof was unknown, till Sir [/aac 
on found it owing to the different re- 
ibility of the rays. See Philo. Tran- 


. 


200 


yellow, 


. paint an image of varlous colours on 


he 1 wall; the 


five times longer than tis broad; the 


W. N* 80. 


The rays which exhibit the yellow | 
Por, are turn'd more out of their ſtrait | 
re, than thoſe which make the red; 

ee which make the green, more than 
Wc which make the 


ellow, Sc. and 


ee which make the violet, moſt of all. 


lf the 
=An{mitted, 


þ 

. 

bs Wo 
1 24 


iſm thro” which the rays are 
turn'd about its axis, 


red rays, the yellow, the green, &c. 
hole, in order, upon 
l 


fall thro' a {| 
Vor. II. = 


rincipal whereof 
een, blue, and violet. 

g. This image is not round, but the angle 
e priſm being of 60 or 65 degrees, a- 


that 


rd objects brought into a darken'd room, ſo greatly depend, in their 
ability, upon the dimneſs of the light they are there beheld by, that the 
dinary light of the day being freely let in upon them, they immediately 
ſappear; ſo our experiments have ſhewn, that as to the priſmatic iris, 
ginted on the floor by the beams of the ſun paſling thro' a triangular 


E 


ſs, tho' the colours of it appear very vivid, even at noon-day and in 
fun-ſhiny weather, yet by a more powerful light they may be made to diſ- 
ar. For having ſometimes taken a large metalline concave ſpeculum, 
therewith caſt the converging beams of the ſun upon a priſmatic iris, 
which I had cauſed to be projected upon the floor; I found that the over- 
eerful light made the colours of the iris vaniſh : and if the light were 
reflected as to croſs but the middle of the iris, the colours in that part 


* 


only 


another priſm, placed about twelve feet 
from the former, and be thrown to another 

rt of the room, the yellow rays, for 
inſtance, tho? they fall in the ſame manner 
upon the ſecond priſm with the red; yet 
will not be thrown to the ſame place, byt 
beyond them. And if at the place of 
the ſecond priſm, they be collected by 
a lens, the yellow rays, the green, &c. 
will each in their order, be thrown to 
6 at a ſhorter diſtance than the 


5. The colours of the coloured rays, 

hen, well ſeparated, can _—_— be de- 
roy'd, nor in any manner changed by new 

refractions. 

6. The colours of the coloured rays re- 
main unchanged in paſſing thro? an enlight- 
en'd ſpace, in mutually croſſing each other, 
in the confine of ſhadow, in being re- 
flected from any natural bodies in a place o- 
therwiſe dark. 

7. All the coloured rays collected to- 


gether by 1 priſms, by „ln. 
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Physics. only became inviſible ; thoſe parts of the iris that were on the right hand 


aud on the left of the reflected light, continuing to exhibit the ſame co. 
lours as before. | 
Otjefs view'd 5. I have ſometimes thought it worth while to take notice, whether the 
k; different colours of opake bodies might not appear to the eye ſomewhat diverſify'd, 
inds of light. . : | 
as welÞby the nature of the lucid body that ſhines upon them, as by the 
diſpoſition of the ſuperficial parts of the bodies themſelves, and the poſi. 
tion of the eye with regard to the object and the light: I have obſerv'd a 
manifeſt difference in ſome kinds of colour'd bodies view'd by day-light, 
and afterwards by the light of the moon. Several ſheets of the colour'd 
paper that had been view'd in the ſun-ſhine, being look*d upon at night 
by the light of a pretty large candle, the changes obſerv'd therein were 
theſe. The yellow ſeem'd much fainter than in the day, and mclinable to 
a pale ſtraw-colour. The red ſeem'd little chang'd, but reflected light 
more ſtrongly than the other colours. A fair deep green look'd upon by 
itſelf, ſeem'd tobe a dark blue; but view'd together with a dark blue, 
appear*d greeniſh ; and compared with a. yellow, appear'd more blue than 
at firſt, The blue look*d more like a deep purple or murrey, than it had 
done in the day-light. The purple ſeem'd very little alter'd. The red 
compared with the yellow, made the latter look almoſt like brown. cap- 
r. | 
8. But to ſatisfy ourſelves whether the light of the candle were not 
unſincere, or ting'd with a yellow colour by its fuel; we took a pretty 
thick cylinder of a deep blue glaſs, and viewing the flame of the can- 
dle at a convenient diſtance through it, we perceived it to look green, 
which is che colour that emerges from the compoſition of opake bodies, 
one of them ſeparately blue, and the other yellow. And this perhaps may 


or a concave ſpeculum, or by any other gether, and laid thick upon ſome minute 
way whatever, make white: and being | body, this body will appear double thro': 
again ſeparated after this union, every one riſm, and of two colours, red and blue, 
exhibits its own colour. | ee Clark. Aunot. in Robault. Ed. 3. p. 199, 

8. If the ſun's rays fall upon the internal | We are farther to conſider, that by other 
ſurface of the priſm in the moſt oblique means, light is found to be a body propag;- 
manner that any rays can poſſibly be tranſ- ted in right lines ; and that it ſpends about 
mitted, thoſe refleted will be violet, and ſeven or eight minutes in paſſing from the 
thoſe tranſmitted, red. | ſun to the earth. This was firſt obſerved 

9. All natural bodies, eſpecially white „ by Mr. Roemer, by means of the eclip 
ones, view'd thro? a priſm, appear on the «ſes of the ſatellites of Jupiter. Fo 
one hand fringed with red and. yellow; but «« theſe eclipſes, when the earth is between 
with violet and blue on the'other. . the ſun and Jupiter, happen about ſeven 


10. Two priſms being placed together, or eight minutes ſooner than they ought 
ſo that the red of the one and purple of the * todo by the tables; and when the eartl 
other may unite upon a convenient paper is beyond the ſun, they happen about 
in the dark, the image will appear pale; < ſeven or eight minutes later than the 
and being view'd thro? a third priſm, applied * ought to do: the light of the ſatellite 
at a due diſtance from the eye, it will appear * having farther to go in the latter cal 
as to objects, red and purple. « than in the former, by the diameter d 

11. In like manner, it two powders, a | © the _ earth's orbit.“ Newron. Optic 
perfect red and a perfect blue, be mix d to- WW 1 
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/ * the chief reaſon why a ſheet of very white paper, view'd by candle- Ph ysrc 


4 


Folour; white bodies, as we formerly obſerved, being more of a ſpecular 
Pature, becauſe tho', when unpoliſhed, they exhibit not the ſhape of the 


Nominary that ſhines on them; yet they reflect its light more ſincere and un- 
iſturbed, by either ſhades or refractions, than bodies of other colours do. 


9. We took a piece of leaf. gold, and with the edge of a knife, lightly 


4 moiſten'd, laid upon the edge of the gold, we ſo faſten'd it thereto, that 
t continued extended, like a little flag; which, being held very near the 
eye, and obverted to the light, appear'd ſo full of pores, that it ſeem'd 


to have ſuch a kind of tranſparency, as that of a ſieve; but the light 
which paſſed thro? theſe pores was in its paſſage ſo temper'd with ſhade, 
Ind modify'd, that the eye diſcerned no more a golden colour, but a 
greeniſh blue. And, for further ſatisfaction, we, in the night, look'd 
pon a candle, thro? ſuch a leaf of gold; and, by trying the effect of 
veral proportions of diſtance betwixt the leaf, the eye, and the light, 
e quickly hit upon ſuch a poſition for the gold, wherein the flame, 
*Fiew'd thro? the leaf, appeared of a greeniſh blue, as in the day-time. 
But the like experiment, try*d with a leaf of ſilver, did not ſucceed. 


10. Druggiſts have a wood they call Lignum Nephriticum ; becauſe Experiments 
the inhabitants of the country where it grows, uſe the infuſion of it, with the 


made in fair water, againſt the ſtone in the kidneys: and, indeed, an 
eminent phyſician of my acquaintance, who has very particularly en- 
quired into that diſeaſe, aſſures me, he found ſuch an infuſion one of 


he moſt effectual remedies he ever try'd, againſt that formidable diſeaſe. 


he moſt ancient account I have met with of this ſimple, is given us 
dy Monardes, who ſays, ** We have a thick, ſmooth kind of wood, 

= brought us from New Spain, which has long been uſed in the diſeaſes 
of the kidneys and urinary paſſages. To prepare a medicine from 


it, we ſteep its ſhavings in clear water, and there ſuffer them to 
remain, till the whole liquor is drank up; but when it has thus 
ſtood for half an hour, the water appears of a blue colour, which 
gradually increaſes, the longer the infuſion is continu'd ; tho? the wood 
IF itſelf be white.“ This wood will afford us an experiment, which, be- 
Mes the ſingularity of it, may greatly aſſiſt to diſcover the nature of co- 
nf The experiment, as we made it, is this. Take a handful of the 
in ſlices of Lignum Nepbriticum, and put them into two, three, or four 
pound of the pureſt ſpring- water; let them infuſe there for a night, tho? 


much ſhorter time may ſuffice ; decant the impregnated water into a 


ear glaſs vial ; and if you then hold it directly between the light, and 
our eye, you will ſee it tinged, (excepting the very top of the liquor, 

FP here a sky-coloured circle ſometimes appears) of an almoſt golden colour, 
| the infuſion be not made too ſtrong be 2 wood ; for, in that caſe, it 
oy ill, againſt the light, appear ſomewhat dark and reddiſh, and requires 
tc be diluted by the addition of fair water. But if you hold it from the 
% I 2 light, 


light, is not eaſily, at firſt, diſtinguiſhed from a light yellow, or lemon⸗ & 


Lignum Ne- 
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Paysres. light, ſo that your eye be placed betwixt that and the vial, the liquor will 
appear of a deep lovely blue colour; as will alſo the drops, if any lie on 


the outſide of the glaſs. | FE 
And thus far we have try'd the experiment, and found it to ſucceed, 
even by candle-light. But if you hold the vial over- againſt your eye, ſo 


that it may have a window on one ſide, and a dark part of the room be. 


fore it, on the other ſide; you will find the liquor, partly of a bluiſh, 
and partly of a golden colour. And if, turning your back towards the 
window, you pour out ſome of the liquor towards the light, and towards 
your eye; it will ſeem, upon coming out of the glaſs, to be perfectly 
blue; but when it is fallen down a little way, the drops may appear party. 
colour'd, according as the rays of light more or leſs fully penetrate, and 
illumine them. If you take a baſon, about half full of water, and hoy. 
ing placed it ſo in the ſun-beams, that one part of the water may be illu- 
mined thereby, and the other part of it darken'd by the ſhadow of the 
brims of the baſon; and then drop of our tincture, made ſomewhat 
ſtrong, both into the ſhaded and illuminated parts of the water, you may, 


by viewing it from ſeveral places, and by a little agitation of the water, 


obſerve many pleaſing phenomena. If a little of this tincture be poured 
upon a ſheet of white paper, ſo that the liquor may remain of ſome depth 


upon it, you will perceive the adjacent drops to be partly of one colour, 


and partly of another, according tothe polition of your eye, with regard 
to the light: but if you pour off all the liquor, the paper will ſeem dy'd 


almoſt of a yellow colour. And if a ſheet of paper, with ſome of this 


liquor on it, be placed in a window, where the fun-beams may come freely 
to it; then, if you turn your back to the ſun, and take a pen, or ſome 
fuch flender body, and hold it a-thwart, betwixt the fun and the liquor, 
you may perceive, that the ſhadow projected by the pen, upon the liquor, 


will not, all of it, be a common dark ſhadow, but, in part, curiouſly 


coloured ; that edge of it next the body, which makes it, being almoſt 
of a lively golden colour; and the remoter verge of a blue one, 
Theſe, and other phenomena, which I have obſerved in this delight- 
ful experiment, many of my friends have beheld with wonder. And! 
remember an excellent oculiſt, finding, by accident, a vial full of this 
liquor, and having never heard of the experiment, continued appre- 
henſive, upon viewing it for a long time, that ſome ſtrange new diſtem- 
per had invaded his eyes. And, I confeſs, the oddneſs of the pheno- 
mena made me very ſollicitous to find out the uſe thereof. Bur tho' | 


am far from pretending to have diſcovered it; yet my inquiries have ena- 


bled me to give ſome conſiderable hints about it. In the firſt place, then, 
obſerving that this tincture, if it were too deep, kept the colours from 
being ſo lively, and their change from being ſo diſcernible ; and finding 
alſo, that the impregnating virtue of this wood did, by being frequently 
infuſed in freſh water, gradually decay, I conjectured, that the tincture 
afforded by the wood, muſt proceed from ſome ſubtile parts, drawn 
out by the water; which, ſwimming about therein, ſo modify' 

| the 


x 
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1 with ſalts, and perhaps contain much of the eſſential ſalt of the 
od. And, to try whether theſe ſubtile parts were volatile enough to be 


Filled, without diſſolving their texture, I carefully ſubmitted ſome of 


tinged liquor, in very low veſlels, to the gentle heat of a lamp-fur- 


e; ; bur found all that came over, to be as limpid and colourleſs as rock- 
ter: whilſt the liquor remaining behind, was of ſuch a deep blue, that 
muſt be oppoſed to a very ſtrong light, to appear of any other colour. 


ook, likewiſe, a vial, fill'd with ſpirit of wine, and a little ſalt of 
rt's-horn, and found, that there was a certain proportion to be met 
wth, betwixt that liquor, and the ſalt, which render'd the mixture fit to 
exhibit ſome little variety of colours, not obſervable in ordinary liquors, 
t was variouſly ſituated, with regard to the light and the eye: but this 
Inge of colour came very far ſhort of that we had admired in our tin- 
e. However, I ſuſpected that the tinging particles abounded with ſalts, 
ofe texture, and the colour thence ariſing, would probably be altered 
piercing acids; and pouring into a ſmall vial of the impregnated water 
4 Fry little ſpirit of vinegar, I found, that the blue colour immediately 
vamihed, while the golden one remained: and which way ſoever I turn'd 
the vial, either to, or from the light, I found the liquor conſtantly ap- 


K . 


Pd of a yellowiſh colour, and no other. Upon this, I imagin*d, that 


cid ſalts of the vinegar, having been able to deprive the liquor of its 


colour, a ſulphureous ſalt, which is of a contrary nature, would 


iy the ſaline parts of the vinegar, and deſtroy their effects. And, 


gggordingly, having placed myſelf betwixt the window and the vial, and 
fall into ti. ime liquor a few drops of oil of tartar, per deliquium : I. 
ad, that immediately upon the diffuſion of this liquor, the impregna- 
vater was reſtored to its former blue colour, And this oil of tartar, 
mg very ponderous, and falling directly to the bottom of the vial ; it 
wageaſy to obſerve, that for a little while the lower part of the liquor ap- 
ed of a deep blue, whilſt all the upper part retained its former yellow- 
Res > which it immediately loſt, as foon as the oil of tartar was diffuſed 
che whole: and the liquor thus reſtored, being view'd, either againſt, 
rom the light, exhibited the ſame phenomena with the tinged water, 
before the adventitious fluids were poured into it. 

Wircher ſpeaks of this, nephritic wood, in the following manner: 
We Tis a white Mexican wood, and tho', generally, ſuppoſed to com- 
municate only a blue colour to water ; yet we have found, by re- 
peated experiments, that *twill turn it into all kinds of colours. The 
tree itſelf, Pris ſaid; commonly grows to a large ſize, with a thick even 
rrunk, like a pear-tree, leaves reſembling thoſe of rue, and ſmall ob- 


hong yellow flowers, growing in cluſters. The plant is cold and moiſt, 


and nearly of a middle temper. The wood of this tree, made into a 


<P> turns the water put into it, firſt of a perfect blue colour, like the 
1 bugloſs-flower; and the longer it ſtands herein, the deeper the colour 


*© grows. 
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light, as to exhibit particular colours. And becauſe theſe ſubtile parts Pu ys1cs. 
» 4 cafily ſoluble, —— in cold water, I concluded, that they mult a. 
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A 


in; but the liquor will be clear and limpid, like pure water. 
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ee grows. But if this colour'd water be put into a glaſs globe, and ex. 
poſed to the light, there will not appear the leaſt ſign of blueneſs there. 
Yer if 


this globe of glaſs be turn*d to a more ſhady place, the whole liquor 


of a reddiſh colour. 


objects whereto *tis expoſed. But, after being placed in the dark, 
„ *rwill regain its own blue caſt.” 


peremptorily deny d it. 
eſt round pieces of this wood, that I could procure, I took notice, in ot 


vill appear of a pleaſant green; and if to a place ſtill more ſhaded, 
And thus*twill change its hue, according to the 


In this account, I obſerve the fol. 
lowing particulars: Firſt, the author calls it a white Mexican wood; 
tho*, not to mention that Monardes ſays, tis brought from New Spain, 
the wood that we have met with, and employ'd as Lignum Wepbriticun, 
was not white, but, for the moſt part, of a dark colour, not unlike tha 
of the ſadder-colour'd wood of juniper. Tis true, Monardes ſays, tha 
the wood is white; and it is alſo affirmed, that what is of a ſadder co. 
lour, is adulterated, by being imbued with the tincture of a vegetabl: 
But having enquired of the moſt eminent of our Engliſbß druggiſts, h 
And, indeed, having conſidered ſome of the fai. 


or two of them, that *twas the external part only that appeared whit: 
whilſt the more internal part was of the other colour; the contrar 
whereto would, probably, have appeared, if the wood had been adul 
terated after the manner juſt mentioned. And I have, at preſent, by me 
a piece of ſuch wood, which, for about an inch next the bark, is white 
and then ſuddenly paſſes to the above-ſaid colour: and yer this wood 
by the tincture it affords in water, ſeems to have its colour'd part ge 
nuine ; for the white part appears, upon trial, to be much leſs endoy' 
with the tinging property. | 

Next, our author tells us, that the infuſion of this wood expos'd in 
ſpherical vial to the light, looks like ſpring-water; and adds, that ther 
is no tincture to be ſeen in it: but herein our obſervation and his do m0 
agree; for the liquor, which oppos'd to the darker part of a room ei 
hibits a sky- colour, did conſtantly with us, when held againſt the light 


appear yellowiſh or reddiſh, according as its tincture was more or!“ g 


deep. So that if there be no miſtake in the caſe, his white nephriti 
wood, and the ſadder-colour'd one, which we employ*d, were not of ti: 
ſame nature. What he mentions of the cup made of this wood, we ha" 
not try*d ; but as for what he ſays, that this wood tinges the water wit 
all ſorts of colours, that is much more than any of thoſe pieces we has 
hitherto employ'd was able todo: the change of colours diſcernible in 


vial full of water impregnated by any of them, and directed towards i 


place more light or obſcure, being far from affording any ſuch varie 
And as for what he tells us, that in the dark this infuſion will reſume 
blue colour, I wiſh he had inform'd us how hetry*d it. But having ſon 


times brought a round long-neck*d vial fill'd with the tincture of this wos 

into the darkenꝰd room already often mention'd, and holding it ſometin* i 

near the ſun-beams that cnter'd at the hole, and ſometimes partly in the! 
a 
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partly out of them; vary ing alſo the poſition of the glaſs, and view- PR vsics. 
it from ſeveral parts of the room, it diſclos'd a much greater variety N. 
Colours, than it does in an ordinary enlighten'd room: for beſides the 
al ones, it exhibited a red in ſome parts, and a green in others; with 
rmediate colours produced by the different degrees and odd mixtures 


4 light and ſhade. 105 . | 
lis ſurprizing in this experiment, that the blue tincture may be 


troy'd or reſtor'd, whilſt the yellowiſh or reddiſh one continues as 


as. That ſalts are of a conſiderable uſe in ftriking colours, the many 


Periments which the dyers trade affords us, will ſhew: and as far as we 
Je hitherto try'd, thoſe liquors, in general, which greatly abound in 
A ſalts, have the power of deſtroying the blue colour in this infuſion ; 
ghoſe that abound in ſulphureous ones, have the virtue to- reſtore it. 
Ane by the way, this obſervation hints to us a new and eaſy method of 
govering in many liquors whether it be an acid or a ſulphureous ſalt that 
predominant. That ſuch a diſcovery is often very difficult, and may 
uently be of great uſe, he who is no ſtranger to the various properties 

nd effects of ſalts, and knows of how great moment it is to be able to di- 
ſtinguiſh their tribes, will readily conceive. | | | 
1 low ſuppoſe I would try whether alum, tho? it be plainly a mix'd body, 7 #14 whe- 
a 


ds rather with an acid than a ſulphureous falt,. I turn my back to ther an acid 
the ght, and holding a ſmall vial full of the tincture of Lignum Nephri- us alt prede-- 


or a ſulphure- 


tie in my hand, which view'd in that poſition appears blue; then drop- minates in 4 


Ing into ita little of a ſtrong ſolution of alum made in fair water, and Ir. 
= upon the affuſion and ſhaking of the whole, that the blueneſs for- 
y conſpicuous in our tincture preſently vaniſhes, Iam thereby, induced 


uyppoſe, that the ſalt predominant in alum is acid. But if, on the other 
, I would examine, whether ſalt of urine, or of hart's-horn, is 


rather of a ſalino-ſulphureous, than of an acid nature; I drop a little of 
he line ſpirit of either, into the nephritic tincture; and finding that the 
oolour is thereby rather deepened than deſtroyed, I. collect, that the 
Which conſtitute theſe ſpirits, are rather ſulphureous than acid. And, 
tagrisfy myſelf yet farther in this particular, I take a ſmall vial of freſh. 
ure, and placing both it and myſelf, with regard to the light, as be- 
I drop into the infuſion juſt as much diſtilled vinegar, or other acid 
r, as will ſerve to deprive it of its blueneſs; then,, without changing 
poſture, I drop, and, ſhake into the ſame vial, a ſmall, proportion of 
of hart's-horn, or urine: and finding, upon this, the tincture im- 
a tely to recover its blue colour, I am thereby confirmed in my opi- 


15 


of the ſulphureous nature of theſe ſalts. 


is much doubted to what ſort of ſalt that which is predominant in 
lime belongs; but we have been perſuaded to reſer it rather to the 
iate, than acid kind, by obſerving, that tho“ an evaporated infuſion 
vill ſcarce yield ſuch a ſalt, as aſhes, and other alkaline bodies do; 
Wet we deprive our nephritic tincture of its blueneſs, by. juſt ſo much 


of. 
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Different co- 
tours obſerved 
in the ſame 


piece of glaſs. 
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of quick-lime will, immediately, upon its affuſion, recal the baniſhe 
colour, tho* not ſo powerfully as either of the ſulphureous liquors, for. 
merly mentioned. And I gueſs at the ſtrength of the liquors, thus exa. 
mined, by the quantity of them; which is ſufficient to deſtroy, or reſtore 
the blue colour of our tincture. But whether as to liquors, wherein nei. 
ther acid nor alkaline falts are eminently predominant, our tincture will en. 
able us to conjecture any thing more, than that ſuch ſalts do not abound in 
them, I leave to further trial; for I find not, that ſpirit of wine, ſpirit 
of tartar, freed from acidity, or chymical oil of turpentine, have any 
remarkable power to deprive our tincture of its blue colour, or to reſtor: 
it, when, upon the affufon of vinegar, it has diſappeared. 

11. We may alſo fee in a mineral body, ſomething very near of kin 1 
the changeable quality of the tincture of Lignum Nepbriticum; for I hay: 
ſeveral flat pieces of glaſs of the thickneſs of ordinary panes for windows 
one of which being interpoſed betwixt the eye, and a clear light, appear 
of a golden colour, not much unlike that of the moderate tincture of ou 
wood: but being viewed, when the beams of light paſs not ſo much thro 
it, as they are reflected from it to the eye, the yellow ſeems to degenerat 
into a pale blue, ſomewhat like that of a turquoiſe. And, what is ſtrange, 
if in a certain poſition, you hold one of theſe plates perpendicular to tir 
horizon, ſo that the ſun may ſhine upon one half of it, whilſt the othe 
half is ſhaded, you may ſee the part illumin'd, of a much fainter yellov 
than the ſhaded part, which will appear more richly coloured. Andi 
the glaſs be not held perpendicular, * parallel to the horizon, you ma 
ſee the ſhaded part of a golden colour, whilſt the other appears conſider 
ably blue: and as you remove any part of the glaſs, thus held horizon 
tally, into the ſun-beams, or the ſhade, it will, in the twinkling of a 
eye, ſeem to paſs from one of thoſe colours to the other; and the ray: 
paſling thro? it, and received by a ſheet of white paper held near, colou 
it with a yellow, ſomewhat bordering upon a red: yet the glaſs may bel 
oppoſed to the fun, as to throw a mixed colour upon paper, in ſome par 
more inclined to yellow, and in others to a blue. 

In making theſe experiments with glaſs, you muſt take notice, that! 
one of the ſides has its ſuperficial parts diſpoſed to reflect the blue cv 
lour, that fide muſt be held next to the eye. I have myſelf mad 
glaſſes proper to exhibit an experiment, not unlike the laſt mentione! 
by laying ſome ſilver, very finely foliated, upon glaſs, and giving !t 
by degrees, a much ſtronger fire than is requifite to tinge glaſs of oth! 
colours. And this experiment, tho? made without a furnace, is the mort 
conſiderable; becauſe a skilful painter, who allow'd *rwas with filver it 
coloured his glaſſes yellow, told me, that, when to burn them, he lays 
the plates nothing but a calx of ſilver, calcined without corroſive |: 
quors, and temper'd with fair water, the plates are tinged of a fit 

yellow, that looks of a golden colour, which part ſoever be turn'd to, d 


from the light; whilſt we have found, more than once, that ſome mr 
| Pi 


"0 


Vor. II. 


upon Colon. 
glaſs, 
the light, exhibited an opake blue. 


thoſe numerous different colours, to be met with in the works of na- 


ent to exhihit ſuch a variety, as thoſe, who are altogether ſtrangers to 
Me painter's pallet, can hardly imagine. Thus black and white, differently 
ixed, make a vaſt number of lighter and darker greys; blue and yellow 
ke a great variety of greens; red and yellow make orange-tawny ; red, 


urple: and, by theſe ſimple compoſitions again compounded, the skilful 
inter can produce what kind of colour he pleaſes ; and a great many more 
n we have names for. 


ſiſt, muſt be ſuch as do not deſtroy one another's texture; for, in caſe 


fram the mixture of other agreeing pigments of the ſame colours. 


ed of the ſame compound colour, as if it proceeded from painters! co- 


re, and of art; yet I have not found, that to exhibit this ſtrange va- 
Wcty, they need employ any more than white, black, red, blue and yel- 
; theſe five, variouſly compounded, and re-compounded, being ſuffi- 


h a little white, makes a carnation; red, with an eye of blue, makes 
But, to render the rules about the production of 


ours fit to be relied on, the corpuſcles, whereof the ſeveral pigments 


y do, the emerging colour may be very different from what would reſult 
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prepared after our manner, tho', when held againſt the light, Puvsies. 
ey appeared of a tranſparent yellow; yet viewed with one's back turn'd YR: 


12. There are but few ſimple, and primary colours; from the various The fnp/: and 
Sm poſitions whereof, all the reſt reſult : for thoꝰ painters imitate the hues 27747) colours 


ut few. 


$33. It may alſo help to diſcover the nature of colours, to know, that the 27 fun- /ight 


; pig , l hits 
Irc of the ſun, paſſing thro' diaphanous bodies of different hues, may wary ph 2 if 
rs of the ſame denomination 3 tho? the latter be exhibited by reflection, — 

manifeſtly compounded of material pigments. Wherefore, to try the poſing tbro 


0 mpoſition of colours, we provided ſeveral plates of tinged glaſs, which be- en. 


of the glaſſes, the effect was but faint, even when the ſun ſhone 


£ pg; yet we eaſily remedy'd that, by collect ing his rays, with a convex 
s Which increaſed the light, at the point where they met, ſufficiently 


= the compound colour very manifeſt upon the paper. By this means 
obſerved, that the rays paſſing thro? blue. and yellow, compoſed a 


en; that an intenſe and moderate red, did; with yellow, make different 
rrees of ſaffron; and Orange-tawny; that green and blue made a colour 


taking of both, like what ſome Latin writers call Pavonaceys ; and that 


and blue made a purple. To which we might add other colours that 


produced by the combinations of glaſſes differently tinged, did I not 


or five ſorts of coloured glaſs; and other tranſparent bodies to the ſun, 


caſt the reflected light upon white paper, held near them; the light 
| | K * | ap- 


4 


& laid, two at a time, upon one another; the object, view'd thro? them 
, appeared of a compound colour: which agrees with what we deliver'd 
ooking againſt the light thro' paper of different colours. But we 
tape ht the experiment would be more ſatisfactory, if we procured the 
¶ beams to be ſo tinged in their paſſage thro? plates of glaſs, as to exhibit 
compound colour upon white paper. And tho', by reaſon of the thick - 
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Physics. appeared not manifeſtly tinged, but as if it had been reflected from the im. 
LYN, pervious parts of a colourleſs glaſs ; only that reflected from the yellow, 


Apparent co- 


luurs compound ours, that are taught in the ſchools, not to be real, but only apparent, 
a: the genuine. and fantaſtical. And, upon trial, we found, that theſe colours might be 


graſs -· green, but more diluted and yellowiſh. And it ſeems not improba- 
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was here and there ſtained with the ſame colour ; as if thoſe rays were not 
all reflected from the ſuperficial, but ſome from the internal parts of the 
glaſs. And a skilful tradeſman, who makes ſuch coloured glaſs, told me, 
that whereas the red pigment was but ſuperficial, the yellow penetrated to 
the very midſt of the plate. But, for further ſatisfaction, we foliated a 
plate of Muſcovy glaſs, and laying on it a little tranſparent varniſh of a 
gold-colour, we expoſed it to the ſun-beams, ſo as to caſt them upon a 
proper body; on which the reflected light appearing yellow, manifeſted, 
that, being reflected from the ſpecular part of the ſelenites, it was tinged, 
in its return, with the colour of the tranſparentvarniſh, thro? which it paſſed. 

14. We now proceed to ſome experiments made in favour of thoſe co- 


compounded both with true and ſtable colours; and, with one another, 
as well as thoſe which are unqueſtionably genuine and laſting ; and that the 
colours reſulting from ſuch compoſitions, would reſpeCtively deſerve the 
ſame denominations. For, firſt, having, by means of a glaſs priſm, 
thrown an iris on the floor ; I found, that, by placing a blue glaſs at a 
convenient diſtance, betwixt the priſm and the iris, that part of the iris, 
which before was yellow, might be made to appear green; tho? not of a 


ble, that the narrow greeniſh liſt, uſually ſeen between the yellow and blue 
parts of the iris, is made by the confuſion of thoſe two bordering colours, 
And tho' the want of a ſufficient livelineſs in either of the compounding 
colours, or a fmall error in the manner of making the following trials, 
was enough to render ſome of them unſucceſsful ; yet when all neceſſary 
circumſtances were duly conſidered, the event was anſwerable to our ex- 
pron As a red and blue compound a purple, ſo I could produce the 
atter of the three colours, by caſting, at fome diſtance from the glaſs, the 

blue part of the priſmatic iris, upon a lively red. And ſometimes, when! 
try*d this upon a piece of red cloth, that part of the iris, which would 
have been blue, and, if compounded with the red of the cloth, appeared 
of a fair purple; did, when I came to view it near, look very oddly, 2 
if there were ſome ſtrange reflection, or refraction, or both, made in the 
hairs of which that cloth was compoſed. Caſting, likewiſe, the priſmatic 
iris upon a very vivid blue, I found that part of it, which would otherwiſe 

have been the yellow, appear green. But it may ſeem more ſtrange, that tho 

this iris, being made by the refraction of light thro? a body that has no co- 

Jour, muſt, according to the doctrine of the ſchools, conſiſt of the purelt 

emphatical colours; yet even theſe may be compounded of one another, 3 

well as real colours in the groſſeſt pigments. For I took, at once, two trian- 

gular glailes, and one of them being kept fixed in the ſame poſture, that the 

Iris it projected on the floor might not waver, I caſt on the ſame floor ano. 

ther ĩris with the other priſm, and moving it to and fro, to bring what part 

8 . bit 
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re ſtable iris that before was yellow or blue; and, frequently, by caſting 
ſe rays, that iff one iris made the blue, upon the ted parts of the other, 
produced a lovely purple; which might be deſtroyed, or re· compoſed 
leaſure, by ſeparating and re. joining the edges of the two. 

15. Conſideting the priſm as the moſt uſeful inſtrument hitherto em- 
SÞoy'd about colours, and that thoſe generally uſed, are made of glaſs, 
Wn ſparent and colourleſs z I thought proper to try what change the ſuper- 
duction of a colour, without deſtroying the tranſparency, would pro- 
Mee in the phenomena exhibired by it. But, being unable to procure one 


— 


coloured glaſs, and fearing alſo, that if it were not carefully made, the 


thitkneſs of it would render it too opake; I endeavoured to ſupply its 
Mee by one of clarify'd roſin, or of turpentine brought to the conſiſtence 
a tranſparent gum. Our attempts this way were not wholly loſt indeed, 
= we found it ſo difficult to give theſe materials their true ſhape, that 

choſe rather to varniſh over an ordinary priſm with ſome tranſparent 
went; and this we did, firſt with a yellow, and then with a red, or 


"Eximſon one, made of lac, temper*d with a convenient oil: the event was, 


that, for want of good tranſparent colours, of which there are but very 
few, both the yellow and the red rendered the glaſs ſo opake, tho? pru- 
deny laid on, that, unleſs I look*d upon ſome very vivid object, I could 
ſerie diſcern any colours at all, eſpecially when the glaſs was covered with 
And, upon viewing ſuch objects, I found, that the colours of the 
nent had vitiated, or drown'd, ſome of thoſe which the priſm would 
erwiſe have exhibited ; and, mixing with others, altered them. Thus, 


en covered with yellow, it made thoſe parts of bright objects, where 


blue ſhould have been conſpicuous, appear of a light green. But the 
re of the colours, the degree of tranſparency, and darkneſs in the 


3 8 with many other circumſtances, ſo vary'd the phenomena of 
| t 


& trials, that, till I can procure ſmall coloured priſms, or hollow ones, 
thas may be filled with tinged liquors, or obtain ſome better pigments, 
tham thoſe I was reduced to employ ; I ſhall forbear to build any thing up- 


* have done in this way: only deſire the inquiry may be further 
uted. 


ſpirit of nitre, or ſtrong Aqua fortis, tho? they have no appearance 
Fedneſs, whilſt in the form of a liquor; if a little heat chance to turn 
minute parts of them into-vapours, the ſteam will appear of a reddiſh, 
Weep yellow colour ; which vaniſhes, when thoſe exhalations reſume the 

| of a liquor. And if you look upon a glaſs, half full of Aqua fortis, 
Pirit of nitre, and the other half full of ſteams, proceeding from either; 
ou will ſee the upper part of the glaſs, of the colour juſt mentioned, if 
ad to the light. But, what is much more conſiderable, I have try'd, 


K 2 that 


cond iris I pleas'd, to fall upon what part of the firſt I thought fit; Ptysrcs. 
wo — 5. this means, obtain'd a green colour in that part of the: 


Experiments 
made with a 
coloured priſm. 


. There are ſome liquors which, tho! colourleſs themſelves, yet, when Linpid liquors 
they come to be elevated, and diſperſed into exhalations, exhibit a conſpi- may ford co- 
Mus colour; which they loſe again, when re- united into a liquor. Thus, lte 9peurs. 
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PR secs. that putting Aqua fortis in a long clear glaſs, and adding thereto a litt) 
copper, or ſome ſuch open metal, to excite heat and fumes; the light pat. 


Several ways a e f 
of producing duced to a ſoft conſiſtence, with water, oil, or ſome liquor of kin to theft 


1 1:9 J found, that by chuſing fit ingredients, and mixing them in the form of dr 


blue an 
yellow. 
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ſing thro? thoſe fumes being caſt upon a ſheet of white paper, appear there. 
on of the colour of the fumes, when directly view'd; as if the light wen 
as well tinged in its paſſage thro? theſe fumes, as it would have been þ 
paſſing thro* ſome glaſs, or liquor, in which the ſame colour was inhe. 
rent. Having, alſo; ſometimes obſerved, whether the beams of the ſun, 
near the horizon, paſling thro? a very red sky, would not exhibit the lik: 
colour ; I found, that the rays falling in a room, upon a very white oh. 
ject, placed directly oppoſite to the ſun, diſcloſed a manifeſt redneſs, ; 
if they had paſs'd thro? a coloured medium. 

17. The reſulting of colours, upon the coalition of the particles of ſuc) 
bodies, as wereneither of them coloured like that mixture whereof the; 
are the ingredients, is very well worth our niceſt obſervation z being of gre: 
ſervice, both in ſpeculation and practice. For the mechanical uſe of co 
lours, among painters and dyers, very much depends upon knowing 
which of them are producible by mixing pigments of different hues. An 
tis of advantage to the naturaliſt to know how many, and which colour 
are primitive and ſimple; becauſe it both eaſes his labour, by confining 
his inquiry to a ſmall number of thoſe upon which the reſt depend ; an 
aſſiſts him to judge of the nature of particular compound colours, % 
ſewing, from the mixture of what more ſimple ones, and in what propor 
tions to one another, the particular colour to be conſidered, reſults. BU 
becauſe to inſiſt on the proportions, the manner, and the effects of ſuc 
mixtures, would oblige me to conſider a great part of the painter's an 
and dyer's trade; I ſhall confine myſelf to mention ſeveral ways of pro 
ducing green, by the compoſition of blue and yellow. 
Firſt, then, as painters make a green, by tempering blue and yellow, r: 


powders, I could do more this way, than if the ingredients were temper 
witha liquor. But the blue and yellow powders, beſides being finely ground 
muſt be ſuch, that the corpuſcles of the one may not be too unequal to tho! 
of the other ; leſt, by their diſproportionate minuteneſs, the ſmaller cor: 
and hide the greater. We uſed, with good ſucceſs, a ſlight mixture 0 
the fine powder of biſe, with that of orpiment, or good yellow oker, thi 
an exquiſite mixture did not ſucceed ſo well; but, by lightly mixing i! 
two in ſeveral little parcels, thoſe of them in which the proportion at 
manner of mixture was more luckily hit, afforded us a good green. 
| (2.) I have alſo learned, at the dye-houſe, that cloth, dy*d blue wi! 
woad, is afterwards, by the yellow decoction of Lutcola, turn'd to- 
reen. N18 
5 (3.) We formerly ſaid, that having in a darkned room taken two bod 
a blue and a yellow, and caſt the light reflected from the one upon ® 
other; we thereby obtained a green. 


j 


0 N 


4 o dtter with our conjectures about colours, than either with the doctrine 


9 
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upon CoLrouRs. 


1 (4.) We alſo formerly obſerv*d a green to be produced, when in the 
e darken'd room we look d at the hole where the light enter'd, thro? 
green and yellow parts of a ſheet of marbled paper laid one upon the 


2 55 We found too, that the beams of the ſun paſſing thro? two pieces 
anlass, the one blue, and the other yellow, laid upon one another, did 
on a ſheet of white paper, on which they were made to fall, exhibit a 
Wvcly green: and other experiments have been before deliver'd to the 
ne purpoſe. ; f N i 
MW (6.) We have likewiſe contrived a way of try ing whether metalline ſo- 
Mrions, tho' one of them had its colour adventitious, might not, by the 
Fixture of the menſt rua employ d, be made to compound a green, after 
manner of other bodies. Toa high yellow ſolution of pure gold in 
a regia, I put a due proportion of a fine deep blue ſolution of crude 
pper, made in ſpirit of urine; and theſe two liquors, tho? at firſt they 
md to coagulate each other a little, yet being thoroughly mix'd by 
Making, they preſently united into a tranſparent green liquor; and ſo 
yntinued for ſeveral days; only letting fall a little blackiſh powder to 
the bottom. This experiment we more than once repeated with fucceſs. 
.) And laſtly, to try whether this way of compounding colours would 
- hold even in ingredients actually melted by the violence of the fire, provi- 
their texture were capable of enduring fuſion ; we cauſed: fome blue 
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Pnys1cs, 


SYN 


yellow ammel to be long and well wrought together in the flame of a 


p. which being ſtrongly and inceſſantly blown, kept them in ſome degree 
fuſion; whence at length we obtain'd an amel of a green colour. 
l have ſometimes conjectured, that the mixture of the biſe and the 


The manner 


vpiment, lately mentioned, produced a green, by altering the ſuperficial n this 


ing on the mixture, was reflected with different ſnades, as to quantity 


Meerewith the light is modify*d, when it reflects from graſs or leaves, Sc. 


bly be pro- 
duced. 


Ws: which each of thoſe ingredients had a-part ; fo that the light ry may poſ- 


order, or both, from thoſe of either of the ingredients; and ſuch 


Wat we call green. And ſometimes too I have doubted whether the 


geen thus produced, might not be partly derived from hence; that the 
s reflected from the corpuſcles of the orpiment giving one kind of 
Woke upon the retina, whoſe perception we call yellow, and thoſe re- 
Meted from the corpuſcles of the biſe giving another ſtroke upon the ſame 


* A ” 


@rpuſcles may make the appulſe of the reflected light fall upon the retina 


* 10 


Pichin ſo narrow a compals, that the part they ſtrike being as it were a 
yſical point, they might give a compound ſtroke, and conſequently 


hibit a new compound kind of fenſation ; as we ſee that two ſtrings of a 


4 
em, and as it were one compounded of both. I ſhall only here farther 
Pſerve, that the firſt of theſe ways of compounding a green, agrees much 


uſical inſtrument being ſtruck together, give two ſounds, which arrive 


1 of 


tina, like objects that are blue; the contiguity and minuteneſs of theſe 


the ear in the ſame time; and cauſe a differing ſenſation from either of 


— 
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PavysIics. of the ſchools, or with that of the chymiſts. For firſt, in the mixture of 
the two powders I could, by the help of an excellent microſcope, diſcove: 
that what ſeem'd to the naked eye a green body, was but a heap of di. 
ſtin&, tho? very ſmall grains of yellow orpiment and blue biſe confuſed! 
blended together; whence it appears, that the colour'd corpuſcles of ei. 
ther kind did each retain its own nature and colour: ſo much may mere 
tranſpoſition and juxta-poſition of minute and ſingly unchanged particle 
of matter, contribute to produce a new colour. Secondly, the green thu; 
made, being mechanically produced, there is no pretence to derive it from 
any unintelligible ſubſtantial form; nor does, this green, tho' a real and 
permanent colour, ſeem to be a very inherent quality, as by that doctrine 
it ought to be; ſince each part of the mixture remains unalter*d in colour, 
and conſequently of a different one from the heap they compoſe: for, i 
the eye be aſſiſted by a microſcope, it no longer ſees a green body, but 
heap of blue and yellow corpuſcles. And thirdly, I demand what (ul. 
phur, falt, or mercury have to do in the production of this green? for 
neither the biſe nor the orpiment were of that colour before; and the bare 
Juxta-poſition of the corpuſcles of the two powders that operate not upon 
each other, but might, if we had convenient inftruments, be ſeparated 
unalter*d, cannot with any probability be imagin'd either to increaſe or 
diminiſh any of the three hypoſtatical principles. 
The mixture 18. But it is not every yellow and every blue that will by their mixture 
of every yellow afford a green. For in cafe either of the ingredients has a power to alter 
—_ 45 the texture of the other, fo as to indiſpoſe it to reflect the light, as bodie 
p * that exhibit a blue or a yellow, reflect it; the emerging colour may not 
be green, but ſuch as the change of texture in the corpuſcles of one ot 
both of the ingredients qualifies them to give. Thus, for inſtance, if you 
let fall a few drops of ſyrup of violets upon a piece of white paper, tho 
the ſyrup will appear blue thereon, yet by mixing with it two or thre: 
drops of the above-mention'd ſolution of gold, I obtain'd a reddiſh mix. 
ture from the power of the acid ſalts in the ſolution. And having made 
a very ftrong and high-colour'd ſolution of copper-filings with ſpirit of 
urine, tho? the menſtruum ſeem'd fully ſaturated with the metal ; yet hav: 
ing let three or four drops of ſyrup of violets fall upon white paper, | 
found that the deep blue ſolution proportionably mix'd with this other blue 
liquor, made not a blue, but, upon account of the urinous ſalt in the men- 
ſtruum, a fair green. 
The colours of 19. To ſhew the chymiſts that colours may be made to appear or vaniſh 
the rain-bow where there happens no acceſſion or change either of the ſulphureous, 
—_— 7, the ſaline, or the mercurial principle of bodies, I ſhall not make uſe oi 
— 2 Val. the iris afforded by the glaſs priſm, nor of the colours to be ſeen in a fait 
morning in thoſe drops of dew, that in a convenient manner reflect and 
refract the rays of light to the eye; but remind them of what they may 
obſerve in their own laboratories. For all chymical eſſential oils, as allo 
good ſpirit of wine, being ſhaken till they rife in bubbles, thoſe bubbles 
appear with various. fine colours, which all immediately vaniſh _— 
| relapling 


upon Colours 


bit a variety of colours, and loſe them in a moment, without the ac- 
on or diminution of any of its hypoſtatical principles. And, by the 
, *tis worthy our notice, that ſome bodies, as well colourleſs as co- 
, by being brought to a great thinneſs of parts, acquire colours they 
not before. For not to inſiſt on the variety of colours that water, 


eer'd glutinous by ſoap, acquires, when blown into ſpherical bubbles; 
entine will, by being blown into after a certain manner, afford bub- 


acdorn'd with various colours; which tho? they ſoon vaniſh after the 
babbles break, yet theſe would, probably, always variouſly exhibit co- 
lows upon their ſuperficies, if their texture were durable enough: for 1 


have ſcen a perſon skill'd at faſhioning glafſes, by the help of a lamp, 
boy ſome ſo vehemently, as to burſt them; whereupon we found the te- 


n : ty of the metal ſuch, that before it broke, it ſuffer*d itſelf to be redu- 


into films ſo extremely thin, that being kept clean, they conſtantly 
ſhew'd on their ſurfaces the varying colours of the rain-bow, which were 


e edingly vivid. Taking, alſo, a feather of a convenient ſhape and 


bigneſs, and holding it at a due diſtance betwixt my eye and the ſun, 


_ when near the horizon, there appear'd to me a variety of little rain-bows, 


with! different and very vivid colours, none of which were conftantly to 
be n in the feather. The like phenomenon I have at other times produ- 


by interpoling, at a proper diſtance, a piece of black ribband be- 
t the ſetting ſun and my eye. 


4." 


finger, the blue colour of the ſyrup will in a moment be turn 
inter perfect green. And this ſyrup may be ſubſtituted for the infu- 
leg of Lignum Nephriticum, when we would examine whether the ſalt 
megominant ina liquor, or other body, wherein *tis looſe and in plenty, 
es to the tribe of acid ſalts. For if ſuch a body turns the ſyrup of a 
ier reddiſh purple colour, it for the moſt part argues that body to 

Md with acid ſalt. But if the ſyrup be turn'd green thereby, the 
Eominant ſalt ſeems to be of a nature contrary to acid. For as ſpirit 
Plt, oil of vitriol, Agua fortis, ſpirit of vinegar, juice of lemons, 
will turn ſy rup of violets red or reddiſh; ſo I have found that not only 
it; he volatile ſalts of animal ſubſtances which I have uſed, as ſpirit of 

horn, of urine, of fal-armoniac, of blood, Sc. but all the alkaline 
have employ d, as the ſolution of ſalt of tartar, of pot-aſhes, of com- 
= ood-aſhes, lime-water, Sc. will immediately change that blue ſyrup 
perfect green. And by the ſame way, the changes that nature and 
produce in the more ſaline parts of ſome bodies, may be diſcover'd ; 


and 


; 8 apſing of the liquor that affords them their films, into the reſt of the oil Pays1es. 
Wpiric of wine; ſo that a colourleſs liquor may immediately be made to.. 


. Drop a little good ſyrup of violets upon white paper, and on this Syrzp of vo- 
br let fall two or three drops of the ſpirit either of ſalt, vinegar, or 4% 4d „be 
| eminently acid liquor; and upon the mixture of theſe, you hall; 4 
the ſyrup immediately turn'd red. But if inſtead of ſpirit of ſalt, change of ca- 
at of vinegar, you drop upon the ſyrup a little oil of tartar per leur, diſtin. 


m, or of the L * Þ guiſh an acid 
, ſolution of pot-aſhes, and ſtir them together ui from 3 
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Pays1cs, and ſuch bodies chymically prepared, as belong neither to the anima 
WYYL kingdom, nor to the tribe of alkalies, have their new nature ſucceſsfully 


examined. But to change the colour of this ſyrup, it requires that the 
body be more ſtrong of the acid or other ſalt predominant in it, than i; 
neceſſary to work upon the tincture of Lignum Nephriticum : and tho? th: 
actions of theſe contrary ſalts will deſtroy each other, yet neither of then 
will reſtore the ſyrup to its native blue, as in the nephritic tincture ; by 
each of them changes it into the colour which itſelf affects. 

21. By dropping on the freſh juice of blue-bottles, or the Cyanus vulgo. 
ris minor, a little ſpirit of falt, it immediately turn'd to a red. And i 
inſtead of the acid ſpirit, I mix*d with it a little ſtrong ſolution of 2 
alkaline ſalt, it preſently diſcloſed a lovely green; the ſame changes being, 
by thoſe different ſorts of ſaline liquors, producible in this juice, as in {y- 
rup of violets. And finding this blue juice, when freſh, to be capable o 
ſerving for an ink of that colour; I attempted, by moiſtening one part o 
a piece of white paper with the ſpirit of ſalt, and another with ſom: 
alkaline or volatile liquor, to draw a line on the paper after it was dry, 
that ſhould appear partly blue, partly red, and partly green: but tl: 
latter part of the experiment did not ſucceed well, tho? the blue and re 
were conſpicuous enough to ſurprize thoſe who were unacquainted wit! 
the trick. But leſt it ſhould be thought that volatile or alkaline al: 
change blue into green rather upon the ſcore of the eaſy tranſition of t- 
former colour into the latter, than upon account of the texture, wherei 
moſt vegetables, that afford a blue, ſeem to be allied; I ſhall add, th: 


having diſfſolv*d blue vitriol in fair water, and put a lixiviate liquor ar. 
an urinous ſalt to diſtinct parcels of it, each of them turn'd the liquor nc 
green, but of a deep yellowiſh colour, almoſt like that of yellow oker 


which colour, the corpuſcles thereby precipitated, retain'd. 
22. The hint of the following experiment was afforded us by the pr: 
ctice of ſome 1talian painters, who counterfeit ultra-marine azure * 


grind! 


*The Pruſſian blue is allow'd to excel 
the ultra- marine. And the preparation of 
it being very curious and uſeful, we ſhall 
here give an extract of that receipt for it 
which was lately communicated to the 
Royal Society by Dr. Woodward, as ſent him 
from Germany. Take of crude nitre and 
crude tartar, each four / ounces ; powder 
them fine, mix them together ; and after 
decrepitation, there will remain four 
_ ounces of a ſalt of tartar : whilſt this is 
hot, pulverize it, and add thereto four 
ounces of well-dry'd ox-blood, in fine pow- 
der. Calcine the whole in a cover'd cru- 
cible, whereof it may fill two thirds. 
After this operation, ughtly grind the 
matter in a mortar, and put it hot into 


four pints of boiling water; and let 
continue boiling for half an hour. Stn 
the decoction, dilute the black remain 


ſubſtance with water, and boil and fi! 


as before, till the water pour'd on b 
comes infipid. Add the ſeveral ſtrainit 
together, and evaporate them to fe 
pints. Then diſſolve an ounce of Fug 
vitrio], calcined white, in fix ounces ' 
rain-water, and filtre the ſolution. - 
ſolve, likewiſe, half a pound of crude alt- 
in two quarts of boiling water; and 
this to the ſolution of the vitriol tai 
hot from the fire; pouring to them alt 
the firſt lixivium, whilſt thoroughly 1% 
in a large veſſel. A great ebullit 


and a green colour, will immediate 


en 


\ 1 . 
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ee liquor thro' a linen, and let 


or. II. 


upon CoLovzsõ. 


7 poſed, that the change of colour wrought in the verdigreaſe by this 
of preparation, muſt proceed from the action of certain volatile and 
ine ſalts, abounding in ſome of the mixed concretes, and brought to 
WW: ca further diſſolution of the copper contained in the verdigreaſe; and 


ided and ſet at liberty, would have better acceſs to each other, and 
WEnce incorporate much the ſooner. : 
upon a ſtrong ſolution of good French verdigreaſe, we poured a juſt 


tity of oil of tartar, and ſhook them well together, a notable change 
golour immediately ſucceeded ; the mixture growing thick, and not 
ſparent; but if you ſtay till the groſſer part be precipitated, and 
ed at the bottom, you may obtain a clear liquor of an exceeding de- 
Ptful colour. You muſt drop in a competent quantity of oil of tartar, 
rrwiſe the colour will not be ſo deep and rich; but if, inſtead of this 
vou employ a clear lixivium of pot-aſhes, you may have an azure, 

ſomewhat lighter or paler than the former. And if, inſtead of either of 
& liquors, you make uſe of ſpirit of urine, or of hart's-horn, you 

according to the quantity and quality of the ſpirit poured in, ob- 
ome further variety of blue liquors; and, by the help of this urinous 
t, we have made a ſurprizing blue liquor. 


wil 


rs ſhould be freed from the ſubſiding matter, which the ſalts of tar- 


= urine, precipitate out of them, rather by being decanted, than by 


tion; for, in the latter method, wehave ſometimes found the colour 
em very much impaired. | 


ived of their colour, and have as much of their leaves, as the fume 
gs upon, turned pale, we have already hinted ; and it is a known 
experiment. But it may ſeem ſtrange to one who has never conſidered 
ompound nature of brimſtone, that though the fume of it, as we 


Whilſt this ebullition continues, | 
the mixture out of one veſſel into 
r, and afterwards let it reſt. Then 


quiſitely blue, Laſtly, let it drain upon 
the linen ſtrainer, and dry it gently for 
uſe. The ſucceſs of this proceſs greatly 
depends upon the calcination. The cru- 
cible is firſt to be ſurrounded with coals, 
4 that it may grow gradually hot, and the 
f » by means of a wooden ſpatula, in- matter leiſurely flame and glow. This de- 

mall new pot; pour upon it two or gree of heat muſt be continued till the 

ounces of ſpirit of ſalt, and there ame and glowing decreaſe: then the 
immediately ariſe a moſt beautiful fire ſhould again be raiſed, that the mat- 
Let the matter be well ſtirr'd, and ter may glow with an exceeding white 
9 reſt for a night; and afterwards heat; and but little flame appear above the 
goughly edulcorate it with repeated crucible. The lixivia muſt be vehement- 
ons of rain-water ; allowing a com- ly hot; and ought to be mix'd together in 


t time for the precipitate to ſub- | an inſtant. See Philaſ. Tranſact. Ne 381. 
Thus, at length, it will become ex- p. 15—24. 
L 


ament remain in the ſtrainer ; and 
Wn 'tis thus freed from its moiſture, 


have 


Wrcfore conjectured, that if both the verdigreaſe, and ſuch ſalts, were 
reed in fair water, the ſmall parts of both being therein more ſub- 


But theſe azure-coloured | 


13 


= ding verdigreaſe with fal-armoniac and ſome other ſaline ingredients, Pavsrcs, 
ſuffering them to lie for a good while together in a dunghull ; for we W WV. 


The production 
And, accordingly, we found, that of 4 co- 


. That roſes, held over the fume of ſulphur, may quickly be thereby Of a red. 
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Paysrcs. have ſaid, whitens the leaves of roſes, yet the oil of ſulphur per camy, 
WY nam, . powerfully heightens the tincture of red roſes, and makes it my 
red and vivid; as we have eaſily try'd, by putting ſome red roſe· leave 
that having been long dry'd, had loſt much of their colour, into a vialy 
fair water: for a while after the affuſion of a convenient quantity of th 
oil, both the leaves themſelves, and the water they were ſteep'd in, diſcy 

ver*d a very freſh and lovely red colour. : 
What quantity 24. It may ſerve to illuſtrate not only the doctrine of pigments, andy 
ef limpid li- colours, but many other parts of mechanical philoſophy, as odors, a 
fi fi, other qualities are explain'd by the aſſiſtance of bodies extremely minus 
abe. to examine to how much of a colourleſs liquor, a very ſmall parcel of a py 
ment may impart a diſcernible colour. And tho? ſcarce any thing of « 
actneſs can be expected from ſuch trials, yet I preſum*d I ſhou'd henceh 
able to ſhew a much further ſubdiviſion of the parts of matter into viſib 

particles, than ſeems hitherto taken notice of, or imagin'd. 

The moſt promiſing bodies, for ſuch a purpoſe, might ſeem to be m 
tals, eſpecially gold, becauſe of the multitude and minuteneſs of its part 
which might be argued from the great cloſeneſs of its texture. But thi 
we try'd a ſolution of gold, made in Agua regia firſt, and then in fair w 
ter, yet becauſe we were to determine the pigment we employ' d, noth 
bulk, but weight; and becauſe alſo the colour of gold is but weak, 

_ compariſon of that of cochineal, we rather choſe this to make our exp: 
. riments with. But, from a number of theſe, it may ſuffice to felect o 
which was carefully made in veſſels conveniently ſhap*d ; to which 1 ſhi 
only premiſe, that the cochineal will be better diſſolv'd, and have its o 
lour far more heighten'd by ſpirit of urine, than by common water, « 
even rectified ſpirit of wine. One grain of cochineal, diſſolved in a co 
ſiderable quantity of ſpirit of urine, and then further diluted by degre 
with fair water, imparted a diſcernible colour to fix glaſſes of water, ex 
containing forty-three ounces and a half; which amounts to above o. 
hundred twenty-five thouſand times its weight. 
Acid, alkaline, 25. It may afford a conſiderable hint towards improving the art of dj 
end urinuss ing, to know what change of colours are producible by the three ſever. 
falts, change forts of falts we have mention'd, in the juices, decoctions, infuſions, an 


wo doe the more ſoluble parts of vegetables. The blue liquors lately made u 


Production. of in our experiments, are far from being the only vegetable ſubſtanct 


upon which acid, urinous, and alkaline ſalts, have the like operations! 
thoſe above recited. Ripe privet-berries, for inſtance, being cruſh'd upo 
white paper, tho? they ſtain it with a purpliſh colour, yet it we let fall 
one part of it, two or three drops of ſpirit of falt, and on the other, ſom 
ſtrong ſolution of pot-aſhes, the former liquor immediately turns that pat 
of the thick juice, or pulp, on which it fell, into a lovely red; and the la 
ter changes the part whereon it falls, into a delightful green. This expel 
ment is, perhaps, very extenſive, and ſerviceable to thoſe who wou'd kno 
how dying ſtuffs may be wrought upon by ſaline liquors. For I have fou 
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it to ſucceed in ſo many various berries, flowers, bloſſoms, and other fin" i 
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::.mple, paper being ſtain'd, may, by an acid ſpirit, be immediately 
ad red, and by any alkali, or urinous ſpirit, green; ſo that even the 
d bloſſoms of Mezereon, gather'd in froſty weather, and thoſe of 
cruſh'd upon white paper, how remote ſoever their colours are from 
Wn, wou'd in a moment paſs into a deep degree of that colour, upon 
couch of an alkaline liquor. And either of theſe new pigments may, 
WS ſufficient affuſion of a contrary liquor, be preſently chang'd from red 
een, and from green to red; which obſervation holds alſo in ſyrup of 
ts, the juice of blue-bottles, &c. S 
There are, however, ſome caſes wherein theſe experiments will not 
rmly ſucceed. And firſt, Itry'd the operation of acid ſalts upon ſuch 
able ſubſtances as are in their own nature red; as ſyrup of clove- 
e the clear expreſs'd juice of buckthorn- berries, red- roſes, in- 
of brazil, and many others; on ſome of which, ſpirit of ſalt ei- 
made no conſiderable change, or only alter'd the colour from a darker 
ti ighter red. And as to the operation of the other ſorts of ſalts, upon 
tha red ſubſtances, I found it not very uniform; ſome red or reddiſh in- 
8, as of roſes, being thereby turn'd into a dirty colour, inclining to 
Nor was the ſyrup of clove-july-flowers turn'd by the ſolution of 
hes, to a much better, tho? a ſomewhat greener colour. Another 
wn. d red infuſion was by an alkali not turn'd into a green, but advanc'd 
toWErimſon ; tho? there were other kinds of them, particularly the juice 
otSgckthorn-berries, that readily paſs'd into a lovely green. 
= Among other vegetables, which ſeem'd likely to afford exceptions 
general obſervation about the different changes of colours, produ- 
mn, acid and ſulphureous ſalts, we made trial upon the flowers of jeſſe- 


they being both white, as to colour, and eſteem'd of a more oily 
nar chan other flowers. Taking, therefore, only the white parts of the 
Howes, and rubbing them ſomewhat hard with my finger, upon a piece 
o an paper, it appear d very little diſcolour'd thereby; nor had ſpirit 
it, wherewith I moiſten'd one part of if, any conſiderable operation 
on: tho' ſpirit of urine, and, particularly, a ſtrong alkaline ſolution, 
in diately turn'd the paper, tho? it had remain'd almoſt colourleſs, of a 
de reeniſh yellow; which experiment I ſeveral times repeated with the 
likeJucceſs. But a great degree of unctuouſneſs ſeems unneceſſary to the 
ction of theſe effects; for when we try'd the experiment with the 
ts of thoſe pure white flowers that appear about the end of winter, and 
3 calPd ſnow- drops, the event was much the ſame with the 
ention'd. 
Another ſort of inſtances, to ſne how much the changes of colours 
ed by ſalts, depend upon the particular texture of the colour'd bo- 
ve have from ſeveral yellow flowers, and other vegetables, as 
& gold-leaves, primroſes, freſh madder, Cc. For theſe being rubb'd 
white paper, till they imbued it with their colour, I cou'd not find, 
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pits of vegetables, that my memory will not ſerve me to enumerate them; Px ysrcs. 
W: is ſurprizing to ſee, by what differently colour'd flowers or bloſſoms ; LY way 


56 Experiments and Obſervations 


Pays1cs. by the addition of alkaline liquors, or of an urinous ſpirit, that they wou 
turn either green or red; even the ſpirit of ſalt would not conſiderably a 
ter their colour, only dilute it a little: tho', in ſome early primroſes, | 
deſtroy*d the greateſt part of the colour, and made the paper almoſt whit 
again. Madder, alſo, afforded ſomething peculiar ; for having gather; 
ſome roots of it, whilſt its yellow juice was freſh expreſs*d upon-whit 
paper, an alkaline ſolution being dropp'd upon it, turn'd it neither gren 
nor white, but red; and the bruis'd madder it ſelf, drenech*d with th 
like alkaline ſolution, exchang'd its yellowneſs for a redneſs. 

29. It may be of uſe, towards diſcovering the nature of the changy 
which the alimental juices undergo in different vegetables, in their dit. ” 
rent degrees of maturity, to obſerve what operation acid, urinous, ar; wa 
alkaline ſalts will have upon thoſe juices. To ſhew my meaning by » the 
example, I took from the ſame cluſter one black-berry. full ripe, and an; wh 
ther that had not yet out-grown its redneſs; and rubbing a piece of whi ir. 
paper with the former, I obſerved, that the juice adhering to it, was of Aſk 
dark reddiſh colour, full of little black ſpecks; and that this juice, by ho 
drop of a ſtrong lixivium, would immediately turn into a deep green 
colour; by as much urinous ſpirit, into a colour near allied to the forme % 
tho? fainter; and by a drop of ſpirit of ſalt, into a fine light red: butt 
red berry, rubbed in like manner upon paper, left on it a red colov 
which was very little altered by the ſame acid ſpirit z and from the ur 
nous and lixiviate ſalts, received changes of colour, different from th: 
produced in the dark juice of the ripe black-berry. 

I remember alſo, that though the infuſion of damask roſes would! 
heighten'd by acid ſpirits, to an intenſe degree of redneſs, and, by lixivit 
ſalts, be brought to a darkiſh green; yet putting a roſe, whoſe lea 
were perfectly yellow, in a ſolution of ſalt of tartar, it afforded a gr: 
bluiſh tincture; but, by means of an acid liquor, I could not obtain a- 
one; the ſaline ſpirit I employ'd, only a little diluting the yellowneſs oft 
leaves. And if I were in the iſlands of Banda, where cloves ſo great 
proſper, I ſhould try what operation our three differing kinds of {i 
would have upon the juice of this ſpice z which eminent authors inform 
is at firſt white, afterwards green, and then reddiſh, before * tis beaten 
the tree; after which, being dry'd, it grows blackiſh, as we ſee it. 4 
one of the lateſt botanic writers informs us, that the flower grows up. 
the top of the clove itſelf, conſiſting of ſmall leaves, like a cherry bloſſo: 
but of an excellent blue. 

| *Tis very proper to take notice of the particular ſeaſons wherein the 
getables, deſigned for the nicer experiments, are gathered. That diligt 
| botaniſt, Mr. Parkinſon, tells us, that of buckthorn-berriesare made ti 
** ſeveral ſorts of colours; being gathered green, and kept dry, they” ü 
** calld fap-berries ; which being ſteep'd in alum-water, give a fair yell" . ip 
colour, uſed by painters, book-binders, and leather-dreſſers, who i 
make a green colour, called ſap-green, taken from the berries, W 
they are black; that being bruiſed, and put into a braſs kettle, ” 


66 the 


bladders, and hung up till it be dry: this, he ſays, is afterwards difſol- 
Led in water, or wine, but canary is the beſt to preſerve the colour 
tom ſtarving. The third is a purpliſh colour, made of the berries,. 
ſuffered to grow upon the buſhes, till the middle, or end of November, 
when they are ready to fall of themſelves.” And] try*d, with ſucceſs, 
make ſuch a kind of pigment as painters call ſap green, by a way not 
like chat here delivered by our author. Much after the ſame manner, 
o, they make ſap-green in the colour-ſhops. 


"= there ſuffered to remain for three or four days, with ſome beaten alum Pavsrcs. 
put to them, they are afterwards preſſed, and the liquor uſually put into & 


Zo. Many bodies, digeſted in well-cloſed veſſels, change their colour in Changes of 
ect of time, as rectify'd ſpirit of hart's-horn ; and the ſame is evident in 4%, % Ci. 


"the precipitations of amalgams of gold and mereury, without addition; 


geſtion, &c. 
particularly & 


Where, by the continuance of a due heat, the ſilver- coloured amalgam redneſt. 


eeduced into a ſhining red powder. And many other inſtances of the 
e kind, might be produced. Now, in theſe operations, there appears 
8p reaſon why we ſhould attribute the new colours to the action of a 
| ſubſtantial form; nor to any increaſe,. or decreaſe- of the ſalt, ſul- 
ur, or mercury of the matter that acquires them. For the veſſels are: 
ed, and theſe principles, according to the chymiſts, are ingenerable, 
-and incorruptible.. So that the effect ſeems to proceed from the heat, 
ting and diſcompoſing the corpuſcles of the body expoſed to it; 
och, in proceſs of time, ſo changes its tex ture, that the tranſpoſed parts 
*modity the incident light, otherwiſe than when the matter appeared of 
other colour. | - 
31. Among the ſeveral changes of colour which bodies acquire, or diſ- 
Wc, by digeſtion, it is very remarkable, that chymiſts find a redneſs, ra- 
er than any other colour, in moſt of the tinctures they draw; and even 
the more groſs ſolutions they make, of almoſt all concretes that abound. 
7 - # with mineral or vegetable ſulphur; tho* the menſtruum employ'd 
heut theſe ſolutions, or tinctures, be never ſo limpid. This we have 
ferved in abundance of tinctures, drawn with ſpirit of wine from jalap, 
ggaiacum, and many other vegetables; and not only in the ſolutions of 
ber, benjamin, Cc. made with the ſame menſtruum ; but alſo in ſe- 
Feral mineral tinctures. And, not to urge that familiar inſtance of the 
y of ſulphur, as chymiſts call-the ſolution of flowers of brimſtone, made 
wth the ſpirit of turpentine ; nor to take notice of other more known 
examples of the aptneſs of chymical oils to produce a red colour with the 
phur they extract or diſſolve ; tis remarkable, that both acid and alka- 
e ſalts, tho', in moſt other caſes, of contrary operations, will, with 
any bodies thatabound in ſulphureous, or oily parts,. produce a red ; 
WP i manifeſt in the vulgar inſtances of the tinctures, or ſolutions of 
phur, made with lixiviums, either of calcined tartar, or pot-aſhes, 
other obvious examples; and in that the true glaſs of antimony, 
rracted with ſome acid ſpirits, yields a red tincture. And a certain 
* id liquor will, in a moment, turn oil of turpentine into a _> 
I red, 
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Pays1cs. red“. Among the many inſtances I could produce of the eaſy production 
ol redͤneſs, by the operation of a ſaline ſpirit, as well as of ſpirit of Wine, 


two or three of them deſerve to be particularly. mentioned. 

32. But, before I ſer them down, *tis proper to premiſe, that there 
ſeems to be a manifeſt diſparity betwixt red liquors; for ſome of them 
may be ſaid to have a genuine redneſs, in compariſon of others that have 
it yellowiſh. Thus if a good tincture of cochineal be diluted never ſo 
much with fair water, it will not become a yellow liquor. But balſam of 
ſulphur, tho' in a large quantity, it appear to be of a deep red; yet if 
you ſhake the containing glaſs, or pour a few drops on a ſheet of white 
paper, ſpreading them on it with your finger, what falls back along the 
{ides of the glaſs, or ſtains the paper, will appear yellow. And there are 
many tinEtures, ſuch as that of amber, made with ſpirit of wine, which 
will appear either yellow or red, according as the veſſels that contain them 
are ſlender or broad. 

33. To come now to the experiments we deſigned. Firſt, oil or ſpirit 
of turpentine, tho? clear as fair water, being digeſted upon the pure white 
ſugar of lead, has, in a ſhort time, afforded us a high red tincture; pro- 
bably a good medicine. 

34. Secondly, take common brimſtone, and ſal- armoniac, of each, 
finely powdered, five ounces; of beaten quick-lime, ſix ounces ; mix theſe 
powders exquiſitely, and diſtil them in a retort, placed in ſand, by degree: 
of fire; giving, at length, as intenſe an heat as you can in ſand; and there 
will come over a volatile tincture of ſulphur, which alſo may prove an ex- 
cellent medicine. Now, tho? none of the ingredients here be red, the di- 
ſtilled liquor is of that colour; and, if it be well drawn, will, upon 4 
little agitation of the vial, firſt unſtopped, ſend out a great white fume, 
which ſometimes ſpreads wide, and is very offenſive: and tho' the liquor 
itſelf be red, and its fumes white ; yet it will dye the fingers black. 

35. The laſt experiment, I ſhall now produce, to ſhew how apt bodies, 
abounding in ſulphureous parts, are to afford a red colour, is one wherein 
the operation of a clear faline ſpirit upon a white, or whitiſh body, may 
produce a redneſs in the twinkling of an eye. We took then, a little eſ- 
fential oil of aniſeeds congealed, and ſpread it with a knife upon a piece oi 
white paper; when mixing with it a drop or two of well rectified oil of 
vitriol, there immediately emerged, with ſome heat and ſmoke, a blood. 
red colour. 


Mr. Coles found, that a certain ſulphu- | 
reous ſpirit, mixed with a volatile alkali, 
gives a red colour in a moment. This ſpi- 
Tit he made, by diſtilling two or three pound 
of benjamin with a little ſand, in a retort, 
ad ficcitatem; and putting the oil, ſpirit, 
and flowers together in a filtre of paper, 
when the ſpirit came firſt thorough. Put | 
two parts of this ſpirit to one of ſpirit of 


fal-armoniac, and ſhake the containing gas 
and the liquor will inſtantly turn red; tho 
they both were clear before. 
red. And this effect is produced without 


conceives the experiment may be of uſe in 


Ne 228. P. 542. 


The mo 
the veſſel! is ſhook, the deeper will be tht | 


any efferveſcence ; whence the invent 


accounting for ſanguification. Philo/. Tran). 4 4 
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upon COLOURS. 
Log ic be here obſerved, once for all, that, in many of theſe expe- 
$t 
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nent 


er, ſince the changes we have ſet down happen preſently upon the ope- 


tion of the bodies on each other, or at the times ſpecified ; that is ſuffi- 
1 at to ſhew what we intend. For it is not eſſential to the genuineneſs of 
© KEolour to be durable; a fading leaf, that is ready to rot and moulder in- 
0 8 duſt, may have as true a yellow. as a wedge of gold. And I have ſeve- 
ff times obſerved, that the mixture made by the oils of vitriol, and of 


l iceeds, tho? it acquire a thicker conſiſtence than either of the ingredi- 
"Ws, quickly loſes its colour, and turns to a dark grey; at leaſt in the ſu- 
A fcial parts, where *tis expoſed to the air. This degeneration of colours 
may, in many caſes, indeed, proceed from the further action of the ſaline 
puſcles, and other ingredients upon one another; yet much of the ſud- 
change may often be aſcribed to the air. Thus we have ſometimes ob- 
ed window-curtains of a light colour, to have that part of them which 
rit was expoſed to the air, when the window ſtood open, of one hue; and 
lower part, that was ſcreen'd from the air by the wall, of another 
ur. And Parkinſon ſays, of the plant turnſol, that “ its berries, when 
pull ripe, have within them, between the outward skin and the inward 
ch, «Kernel, a certain juice, which rubbed upon paper or cloth, at the firſt 
eſe «appears of a freſh lovely green, but preſently changes into a kind of 
ch purple. He adds, that the ſame cloth, afterwards wet in water, 
lere Wed wrung, out, will turn the water into a claret- colour. And theſe 
gs of cloth, ſays he, are thoſe uſually call'd turnſol in the druggiſts 
*Hops.” I alſo remember, that letting ſome of the deep red juice of 
ek thorn berries drop upon a piece of white paper, and leaving it there 
me, many hours, till the paper was grown dry again; I found the juice de- 
wor | rated to a dirty kind of greyiſh colour; which, in a great part of the 
Rai Paper, ſeem'd not to have ſo much as an eye of red: tho” a little 
of ſalt, or diſſolved alkali, would turn this unpleaſant colour into a 
rein er green. And, to ſatisfy myſelf that this degeneration of colour did 
nay nagproceed from the paper, I dropp'd ſome of the ſame juice upon a white 
- ef. ed tile; and, permitting it to dry thereon, I found it then alſo loſt its 
r 


ing diſſolved good ſilver in Aqua fortis, and precipitated it with 
ſpar of ſalt, upon firſt decanting the liquor, the remaining matter was 

Bly white ; but, after it had lain a while uncovered, the part of it that 
Neontiguous to the air, not only loſt its whiteneſs, but appeared of a 
dark, and almoſt blackiſh colour; but if the part that was contigu- 
co the air, were gently taken off, the ſubjacent part of the ſame maſs 
d appear very white; till that alſo, having continued a while expoſed 
oe air, would likewiſe degenerate. Whether the air produce this ef- 


1thout . 

vente ey the means of a ſubtile ſalt, by a penetrating moiſture, by ſolliciting 

"a oolation of certain parts of the bodies to which *tis contiguous, or by 
47" RE other way, I leave to be further conſidered. *T were eaſy here to 


many other inſtances of redneſs, reſulting from the digeſtion of bodies. 
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colour produced is often very ſubject to degenerate. How- N ph din 


tion of colours, 
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Pays1cs. I have often ſeen, upon the borders of France, a ſort of pear, which, di. 
SYN geſted with a little wine in a veſſel exactly cloſed, will ſoon appear through. 
out of a deep red colour, Nay, even pure white ſalt of tartar, and limpid 
ſpirit of wine, will, by long digeſtion, acquire a redneſs. Some other 
obvious changes of colours frequently happen; ſuch as is the blackneſs of 
bodies burned in the open air, &c. But ] ſhall not at preſent examine into 
the cauſes of theſe changes; tho? certainly the reaſon why the ſoots of 
different bodies are almoſt all of them black; why ſo much the greater 
part of vegetables ſhould be rather green than of any other colour ; and, 
particularly, why gentle heat, ſo frequently, in chymical operations, 
produces rather a redneſs, than another colour in digeſted menſtrua, may 
very well deſerve a ſerious inquiry. 

Different 37. It may ſeem ſtrange, that if the crimſon ſolution of cochineal, th: 
Heels of an juice of black-cherries, or of ſome other vegetables that afford the lik: 
acid, inthe colour, be let fall upon a piece of paper; a drop or two of an acid ſpirit 
production wo 2 a — | 
colours, -recon- ſuch as ſpirit of ſalt, or Aqua fortis, will immediately turn it into a fit 
ciled. red; whilſt an infuſion of brazil, in fair water, will have its redneſs de 
ſtroy'd by a little ſpirit of falt, or Aqua fortis; and be turn'd eithe 
yellow or pale. But if we conſider the caſe attentively, the action of th: 
acid ſpirit ſeems, in both theſe experiments, only to weaken the colour a 
the liquor wherein it falls; and ſo tho? it deſtroys redneſs in the tinCtur: 
of brazil, but produces it in the tincture of cochineal, its operations ma 
be ſtill uniform : finceas crimſon is little elſe than a very deep red, wit 
perhaps an eye of blue; ſo ſome kind of reds ſeem to be little elſe tha 
heightned yellow; and conſequently in ſuch bodies the yellow ſeems f 
be but a diluted red. And accordingly, alkaline ſolutions, and urinov 
ſpirits, which ſeem diſpos'd to deepen the colours of moſt vegetable 
quors, will not only reſtore the ſolution of cochineal, and the infuſion 
brazil to the crimſon, from which the ſpirit of ſalt had changed them int 
a truer red; but will alfo heighten the yellow juice of madder into rec 
and advance the red infuſion of brazil to a crimſon. But perhaps it v. 
be much ſafer to derive theſe changes from the vary'd texture, than fro: 

the peculiar kinds of bodies, | 
The colours of 38. It might greatly contribute to the hiſtory of colours, if chymil 
the fumes of bo- would give us a faithful account of thoſe to be obſerved in the ſteams of bv 
Lies andef the dies, ſublimed, or diſtilled, and of the productions made by the coalition 
Jae, abe thoſe ſteams. Thus, for inſtance, we find in diſtilling pure ſalt- peter, that! 
in difillati- a certain juncture of the operation, the body, tho? it ſeem either cryſti 
ons, &. ine, or white, affords very red fumes; whilſt tho? vitriol be either green 
blue, its ſpirit comes over in whitiſh vapours. The like colour I have fou 
in the fumes of ſeveral other concretes, of different colours and natur® 
eſpecially when diſtill'd with ſtrong fires. And even ſoot, as black 2 
is, has fill'd our receivers with white fumes. No leſs obſervable m 
the diſtill'd liquors be, into which ſuch fumes convene: for tho', by Sk. 
and care, a reddiſh liquor is attainable from nitre, yet the common ip! i 


of it, in the preparation whereof abundance of theſe red. fumes p. 
ont 
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r into the receiver, has no appearance of red. Neither the ſpirit of Puvsies. 


er concretes, are either of a deep red, or of a colour between red and 

Wc. But ' tis very remarkable, that notwithſtanding the great variety 
colours, to be met with in herbs, flowers, and other bodies uſually 
ild i: Balneo; yet all the waters and ſpirits that firft come over by 


way of diſtillation, leave the colours of the concretes behind them; 


, indeed, there are one or two vegetables, not commonly taken notice 


8 whoſe diſtill'd liquors carry over the tincture of the concrete with them. 


Wd as in diſtillation, ſo in ſublimation, it were worth while to take no- 
We of what happens to our purpoſe, by performing that operation in 
reeniently ſhap'd glaſſes, wherein the colour of the aſcending fumes 
be diſcern'd ; for it might afford a naturaliſt good information, to ob- 
ee the agreements, or differences betwixt the colours of the aſcending 
Mees, and thoſe of the flowers they compoſe by their convention. It 
ident, that theſe flowers do, many of them, greatly differ in point of 
ur; not only from one another, but often from the concretes that af- 
them. Thus, tho' camphire and brimſtone afford flowers much of 
thaw reſpective colours, except that thoſe of brimſtone are a little paler 
thawthe lumps that yielded them; yet the flowers of red benjamin are 
either white, or whitiſh. And, to omit other inſtances, even that black 
mineral, antimony, may be made to afford flowers, ſome of them red, 
gs grey, and which is more ſtrange, ſome of them purely white. And 


men, by exquiſitely mixing a convenient proportion of brimſtone, 


armoniac, and quick- ſilver, and ſubliming them together, make a 


mate of an excellent blue. And though, upon making this experi- 


. we found the ſublimate to be far from a lovely colour, yet, in ſome 
parts, it ſeem'd bluiſh, and was, at leaſt, of a colour very different from 

of the ingredients; which is ſufficient for our preſent purpoſe. But 
Arn finer colour is promiſed by ſome empirics, who tell us, that or- 
piment ſublim'd, will afford, among the parts of it that fly upwards, 


little maſſes, which, though the mineral itſelf be of a good yellow, 


be red enough to emulate rubies, both in colour and tranſparency. 
experiment may, for ought I know, ſometimes ſucceed ; for I re- 
member, that having in a ſmall bolt-head, purpoſely ſublim'd ſome pow- 
derd orpiment, we could in the lower part of the ſublimate, diſcern, 
e and there, reddiſh lines; tho* much of the upper part of it conſiſted 
z matter not only purely yellow, but tranſparent. And we have alſo, 
is means, obtain'd a ſublimate, which, though it conſiſted not of 


s, yet ſmall pieces of its lower part, that were 
ant reddiſh ſparkling colour. 2 1 22 


J 


ny 


OL, II. - ſpirit, 


Fool, nor of ſoot, is white; and the empyreumatical oils of woads, and. 


Take thedry*d buds, or bloſſoms, of the pomegranate-tr m- Various chan- 
. called balauſtins, pull off the reddiſh Lav, wt by 9 wee ges of colour, 
don, or a competent infuſion of them in fair water, extract 22828 
edit tincture, which, if the liquor be turbid, you may clarify 

e filtre ; into this, if you pour a 2 of urine, or ſome other vegetables. 


ſpirits in the 
tinctures of 
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PR vsics. ſpirit, abounding in the like ſort: of volatile ſalt, the mixture will pre 
ſentiy turn of a dark greeniſh colour: but if, inftead of ſuch a ſplrit 


you drop into the ſimple infuſion, a little rectify'd ſpirit of ſea- ſalt, the 
pale liquor will immediately grow more tranſparent, and acquire a hig 
red, like that of rich claret; and this may as ſuddenly be deſtroy'd, an; 
rurn'd into a dirty bluiſh green, by the affuſion of a moderate quantity 
of the ſpirit of urine. This experiment gives light to two others that I me: 
with in Gaſſendus. The experiments as we made them, were theſe. We tool 
a glaſs of luke- warm water, and therein immerg'd a quantity of the leaye; 
of ſena, upon which there appear d no redneſs in the water; but dropping 
into it a little oil of tartar, the liquor ſoon. became reddiſh; tho? by ali: 
tle oil of vitriol, ſuch a colour could not be extracted from the. infuſe; 
ſena. On the other hand, we took ſome dryed red roſe- leaves, and hz. 
king them in a glaſs of fair water, they communicated no redneſs to it; 
but upon the affuſion of a little oil of vitriol, the water was immediate} 
turn'd red; which it would not have been, if inſtead. of oil of vitriol, w 
had employ'd oil of tartar. Our author tells us, there was no rednei 
either in the water, the leaves of ſena, or the oil of tartar; yet we har 
found that by ſteeping ſena for a night in cold water, it would afford a ver 
deep yellow, or reddiſh tincture, without the help of oil of tartar; whit 
ſeems to do little more than aſſiſt the water more fuddenly to extract 
plenty of that red tincture wherewith the leaves of ſena abound : for h. 
ving made a tincture of ſena, only with fair water, and decanted it from ti 
leaves before it grew reddifh, we could not perceive, by dropping ſome: 


of tartar into it, that the colour was conſiderable, tho“ it: were therebꝰ 


little heighten'd into a redneſs. And the ſame thing may be alledg'd in tt 
experiment with red roſe- leaves; for we found that ſuch leaves, by baren 
fufion, for-a night and a day, in fair water, afforded a tincture borderin 
upon redneſs; and that colour being conſpicuous in the leaves themſely: 
ſeem'd not wholly: produc'd, but extracted by the oik of vitriol. But to i- 
prove the experiment, take the tincture of red roſe- leaves, made with a lit! 
oil of vitriol, and a large quantity of fair water, pour off this liquor into: 
elear. vial, half fill'd with limpid water, till the water held againſt t 
light hath acquired a competent rednefs, without loſing its tranſparenc) 
into this tincture, drop, leifurely a little ſpirit of urine; and ſhaking! 
vial, which you muſt ſtill hold againſt the light, you will ſee the red liqu 
immediately turn'd into a fine greeniſh blue; a colour not to be found 


any of the bodies upon whoſe mixture it enſued. And this change is t 


more remarkable, becauſe tho? the degeneration of blue into red, be uſu 
the turning of red into blue, is very unfrequent. If, upon the falling" 
each dropof ſpirit of urine, you ſhake the vial containing the red tinctuſ 


you may obſerve a pretty variety of colours in the paſſage of that tincin 2 


from a red to a blue. And ſometimes we have thus obtain'd ſuch 
liquor, as being view'd againſt, and from the light, ſeem'd faintly to em 


late the tincture of Lignum Nephriticum. And if you make the tincture“ 9 1 
red-roſes very high, and, without diluting it with fair water, pour h = 
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4 5 . ſpirit of urine, you may have a blue ſo deep as to render the liquor Puxsics. 


8 

„ re; but if it be dropp'd upon white paper, the colour will ſoon diſ . 
be a: itſelf. Having, alſo, made the red, and conſequently the blue tin- 
oh every tranſparent, and ſuffer'd it to reſt in a ſmall open vial for a day 
nd wo; we found that not only the blue, but the red colour, likewiſe, 
ity vaniſh'd ; the clear liquor remaining of a bright amber colour, at the 
Net om whereof ſubſided a large, light feculency, almoſt of the ſame co- 
ok which ſeems to be nothing but the ting'd parts of the roſe-leaves, 
ves wn out by the acid ſpirits of the oil of vitriol, and precipitated by the 
ing tile ſalt of the ſpirit of urine. This makes it the more probable, that 
liz WE redneſs drawn by the oil of vitriol, was as well an extraction of the 
iſe; ling parts of the roſes, as a production of redneſs. And laſtly, the 
ſh eur of the tincture of roſes, may be chang'd by many other ſulphu- 
it, news falts; as a ſtrong ſolution of pot-aſhes, oil .of- tartar, Cc. tho? 
tel! are ſeldom fo free from feculency, as the ſpirit of urine becomes by 


lation. And I have a way of producing a full purple, by employing 
nor not made red artificially, inſtead of the tincture of red - roſes; for 
han ing by infuſing the powder of log-wood for a while in fair water, made 
ven tn liquor red, I dropp'd into it a little urinous ſpirit, as that of ſal- ar- 
hie mac, by which the colour was inſtantly turn'd into a rich and lovely 


ad Purple. But care muſt be taken not to let fall into a ſpoonful of the tin- 
rh Si above two or three drops of the ſpirit, leſt the colour become ſo 
mth as to make the liquor opake. And if inſtead of fair water, I infus'd 


g- wood in water, made a little ſour by the acid ſpirit of ſalt; I ob- 
ebyi © WER neither a purple, nor a red, but only a yellow liquor. | 
nth . The following experiment is very ſurprizing; and, of all I have 
ren pet with, ſeems the fitteſt to enforce our doctrine of colours, and to 
them not to be inherent qualities, flowing from the ſubſtantial forms 
e bodies whereto they are ſaid o belong; ſince by a bare mechanical 
to in 1 of texture, in the minute parts of bodies, colours may, in a moment, 
alu beg derated quite de novo, and utterly deſtroy'd: for there is this difference 
* betet the enſuing ex periment, and moſt of the others we deliver, that in 
1 the colour of a body is not chang'd into another, but betwixt two 
, each of them, a- part, colourleſs, there is, in a moment, generated 


4s) A - ways colour, which, if it were let alone, would be permanent; and 
las veya very ſmall parcel of a third body, that has no colour of its own, 


| wetherwiſe permanent colour, will inſtantly be | 5 
P this ot pe „will inſtantly be ſo utterly deſtroy'd, as 
25 5 ve not the leaſt ſign of any colour in the whole mixture. The expes 
e 15 very eaſy, and thus perform'd. Take good common. ſubli- / colour in- 
nate, and fully ſatiate with it what quantity of water you pleaſe, care-AHantih genera- 


filtre the ſolution thro? clean cloſe paper, that it may d 2 
inctur Folourleſs as fountain water. ; Then, oe you — — ths; 5 6 
yy rt, put about a ſpoonful of it into a ſmall. wine-glaſs, or other conve- 
den I. and letting fall therein three or four drops of good oil of tar- 
Ture! Per deliguium, well filtred, that it may likewiſe be without colour, 


an opake 


two limpid liquors will, in the twinkling of an eye, turn into 
M 2 | mixture 


84 Experiments and Obſervations 


Physics. mixture of a deep orange-cotour; which, by continually. fhaking the gli; 
u in your hand, you muſt prevent from fettling too ſoon at the bottom. An 
when the ſpectators have view*d this firſt change, preſently drop in fou 
or five drops of oil of vitriol, and continuing to ſhake the glaſs prety 
ſtrongly, that it may the ſooner diffuſe itſelf, the whole colour will nos 
immediately diſappear, and all the liquor in the glaſs become clear and co 
lourleſs, as before, without the leaſt ſediment at the bottom. But for th 
more neat performance of this experiment, obſerve, Firſt, not to take to 
much of the folution of ſublimate, nor drop in too much of the oil o 
tartar, to avoid the neceſſity of putting in ſo much oil of vitriol, as t; 
cauſe an ebullition. | | | 
Secondly, *tis convenient to keep the glaſs conſtantly in motion, bol 
for the better mixing of the liquors, and hindering, as we ſaid, the yelly 
ſubſtance from ſubſiding, which it would otherwiſe ſoon do; tho”. when 
ſubſided, it will retain its colour, and be deprived of it by the oil of vitri 
Thirdly, if any yellow matter ſtick to the ſides of the glaſs, tis but; 
clining the veſſel, till the clarify*d liquor can waſh along it, and the liqu 
will preſently imbibe it, and deprive it of its colour, 
The chymical My notion of the different natures of the ſeveral tribes of ſalts, havin 
reaſon of this Jed me to deviſe this experiment; I can eaſily aſſign the chymical reaſ 
Phenomenon. of the phenomenon. Having then obſerved, that mercury, . diſſolved; 
ſome menſtrua, would yield a dark yellow precipitate 3 and ſuppoſing th: 
common water, and the ſalts that ſtick to the mercury, would, in this: 
ſpect, be equivalent to thoſe acid menſtrua which work upon the quid 
filver, on account of their ſaline particles; I fubſtituted a ſolution of ſub 
limate in fair water, inſtead of a ſolution of mercury in Aqua forts, or { 
rit of nitre: then, confidering that what makes the yellow colour, is inde 
but a precipitate, obtain*d by means of the oil of tartar, which general 
precipitates metalline bodies corrodeg by acid ſalts; ſo that the colour: 
our cafe reſults from the coalition of the mercurial particles with the ſa 8 
ones, wherewith they were formerly affociated 3- and with. the alkaly 8 
particles of the ſalt of tartar, that float in the oil. Conſidering alſo, that . 
ry many effects of lixivious liquors upbn the ſolutions of other bodies m 
be deſtroyed by acid menſtrua, I concluded, that if I choſe a very ſtro 
acid liquor; which by its inciſive power might undo the work of the oi 
tartar, 'and'diſperſe again thoſe particles which the other had, by preci 
tation, aſſociated into ſuch minute corpuſcles as were, before, ſingly ini 
ble, they would diſappear again, and conſequently leave the liquor asd 
I Jourleſs as before the precipitation was made. This ſees to be the chyn 
cual reaſon of the experiment, and is that which induced me to make it. 
to give a perfect mechanical folution of the whole phenomenon, is mo 
than I pretend to. However, the yellowneſs of the mercurial ſoluti® 
and oil of tartar, ſeems produced by the precipitation occaſioned by 
affuſion of the latter; as the deſtruction of the colour proceeds from” 
diſfipation of that curdled matter, whoſe texture is deſtroy'd, and U . = 
matter itſelf diſſolved into minute and inviſible particles, by the ſtrong - 
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| W pnſtruum: which is the reaſon why there remains no ſediment at the bot- Pu vsics. 
; che infuſed oil taking it up, and reſolving it into inviſible parts, a. 
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up COLOURS. 


Fer diſſolves ſalt or ſugar. | 

ot, to confirm my conjecture as to the chymical reaſon of our experi- 
Int, I might add, chat I cannot only make the mercury precipitate out 
the firſt ſimple ſolution quite of a different colour from that mentioned ; 


Wc if, inſtead of altering the precipitating liquor, I altered the texture of 


ſublimate in ſuch a manner, as my notion about ſalts requires, I can 


oduce the ſame phenomenon. For having ſublimed together equal parts 
WM fal-armoniac, and ſublimate, firſt diligently mixed, the aſcending flow- 
diſſolved in fair water, and filtred, gave a ſolution limpid and colour- 
"Te, like that of the other ſublimate; and yet an alkali dropped into this 
vor, did not turn it yellow, but white. And, upon the ſame founda- 
n, we may with quickſilver, unaſſiſted by common ſublimate, prepare 


Al alſo change its colour in the ſame manner. And fo much does the 


our depend upon the texture reſulting from the convention of the ſeveral 
Jorcs of particles, that tho*, in our experiment, oil of vitriol deſtroys the 
yellow colour; yet with quickſilver, and fair water, by the help of oil of 
Tattiol alone, we may eaſily make a kind of. precipitate, of a fair and per- 
manent yellow; as we ſhall ſee hereafter. I here make choice of oil of 
vitmio!, becauſe, when well rectified, *tis not only colourleſs and ſcentleſs, 
extremely ſtrong and inciſive. And common Agua fortis will not per- 


n the ſame thing ſo well. 


This experiment may be ſeveral times repeated with the ſame parcels of 
a liquors; for I found, that after I had clarify*d the orange · coloured 
—axcure, by the addition of as little of the oil of vitriol as would ſuffice to ' 


n the effect, I could, at pleaſure, re- produce the colour, by 


ing in freſh oil of tartar; and deſtroy it again, by the re- affuſion of. 


Me of the acid menſtruum: tho', by the addition of ſo much new li- 


ar weak and faint. 


gellow ſubſtance. Conſidering therefore, that common fulphur, boiled 
2 


yal, that with other acid liquors I could precipitate out of lixivious ſol- 


8 which fort is crude antimony; 1 concluded it eaſy to-precipitate the an- 
Pony, thus diſſolved, with the acid oil of vitriol. A — 
Fur yields a white precipitate, called Lac Sulphuris ; yet I ſuppoſed the 


- » os 


other ſort of flowers diſſoluble in water, without diſcolouring it; which 


— in proportion to the mercurial particles, the colour will, at length, 


5 lixivium, may be precipitated out of it by Rheniſb, or white-wine, 
ich are ſouriſn liquors, and contain an acid ſalt; and having found, by 


ts, ſome other mineral concretions, abounding with ſulphureous parts, 


eipitated antimony would be of a deep yellow colour; as well, if made 
1 th oil of vitriol, as by refrigeration, and length of time. From hence 
as caſy to deduce this experiment, that if we put into one glaſs ſome of 
Ws. | I this 
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y boiling crude antimony in a ſtrong and clear lixivium, you may ſepa - 73s preceding 
a ſubſtance from it, call'd by ſome chymiſts its ſulphur; which, experiment va. 
in let fall by the liquor, upon its refrigeration, often ſettles in flakes of Ted. 
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Pavysi1cs. 


9 


To find what 
aind of ſalt, 
eo bet ber acid, 
volatile or 


f#'a, predomi- method of trying which, or whether any one of thoſe ſalts is predomi. 
nates in an of- nant in chymical liquors. We have already ſhewn a way, by means 


fign'd liquor, 


or ſaline body. the tincture of Lignum Nephriticum, or of ſyrup of violets, to diſcover 


not the ſharp and pungent taſtes of acids | * ſea flow round the denſer and weigh 
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this freſh filtred ſolution of antimony ; and into another, ſome of th, 
orange-coloured mixture, made with a mercurial ſolution, and oil of tar. 
tar; a few drops of oil of vitriol, let fall into the latter glaſs, would tun 
the deep yellow mixture into a clear liquor ; whilſt a little of the ſame oi 
dropped into the other glaſs, preſently turn d the moderately clear ſolutiq 
into a deep yellow ſubſtance. But this ſucceeds not well, unleſs you employ 
a lixivium that has lately diſſolved the antimony, and before it ſuffers it ty 
fall: yet, in-ſummer-time, if the lixivium have been duly impregnated, 
and well filtred after it is quite cold, it will for ſome days retain antimony 
enough to exhibit, upon the affuſion of the corroſive oil, as much of a goa! 
yellow ſubſtance as is neceſſary to ſatisfythe ſpectators of the poſſibility o 
the experiment. | 
The diſtinction of ſalts into acid, volatile, and fixed or alkaline, may 
poſſibly be ſo uſeful in natural philoſophy, * as to render it an accep. 
table corollary of the preceding experiment, from thence to deduce 1 


whether a ſalt propoſed be acid or not; yet we can thereby only find 
in general, that particular ſalts belong not to the tribe of acids: but 
cannot determine whether they belong to the tribe of the urinous; (unde: 
which I comprehend all thoſe volatile ſalts of animal, or other ſubſtance; 
that are contrary to acids) or to that of alkalies: for both theſe ſa lin 
ſulphureous ſalts will reſtore the blue colour to that tincture, and tun 
the ſyrup of violets green. The preſent experiment, therefore, commodi 
ouſly ſupplies this deficiency. I found, that all thoſe chymical ſalts 
thought fit to make tryal of, would, if they were of a lixivious nature, 
make, with ſublimate diſſolved in fair water, an orange-tawny precipi 

| | tate; 


About the nature of ſalts, Sir Jaac * ariſe from the ſtrong attraction, wherely 


Newton thus argues. When mercury te the acid particles ruſh upon, and agitit: 
« ſublimate is re-ſublimed with freſh mer- ce the particles of the tongue? And whet 
* cury, and becomes Mercurius dulcis, « metals are diſſolved in acid menſtrua, and 
« which is a white taſtleſs earth, ſcarce diſ- -] ** the acids in conjunction with the meta, 
% ſolvable in water; and Mercurius dulcis « act after a different manner, ſo that th: 
« re-ſublimed with ſpirit of falt, returns 0 compound has a different taſt much milde 
into mercury ſublimate ; and when me- « than before, and ſometimes a ſweet one; 
4 tals corroded with a little acid, turn into ig it not becauſe the acids adhere to tht 


% ruſt, which is an earth taſtleſs, and in- 1 metallic particles, and thereby loſe muct 
diſſolvable in water; and this earth, im- © of their activity? And if the acid be i 
1 bibed with more acid, becomes a metallic * too ſmall a proportion to make the com- 
falt; and when ſome ſtones, as ſpar of 4% pound diſſolvable in water; will i 
lead, diſſolved in proper menſtrua, be- % not, by adhering ſtrongly to the meta, 
«« come falts; do not theſe things ſhew, „become unactive, and loſe its taſt, and 
that ſalts are dry earth and watery acid * the compound be a taſileſs earth! 
united by attraction; and that the earth « For ſuch things as are ndt diſſolvabk 


66 will not become a falt without ſo much „by the moiſture of the tongue, act not 
<< acid as makes it diſſolvable in water? Do upon the taſt. As gravity makes the 


66 tier 
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upon CoLoURS. 


e; but if they were of an utinous nature, the precipitate would be Paysics, 


Wc and milky. ' violets 
a Je ſolution * ſublimate; I can, by the help of the former, immedi- 


| : ly diſcover whether a propoſed ſalt, or ſaline body, be of an acid na- 


e; if it be, I need inquire no further; but if not, I can very eaſily and 
dily diſtinguiſh between the other two kinds of ſalts, by the white, or 
Inge- colour, immediately produced b letting fall a few drops or grains 
WE che ſalt to be examined, into a ſpoonful of the clear ſolution of ſubli- 

Ne. Thus, for example, it has been ſuppoſed, that when ſal- armoniac, 
Need with an alkali, is forced from it by the fire in cloſe veſſels, the vo- 


| tile ſalt thence obtained, is but a more fine and ſubtile ſort of ſal-armo- 


& ; which, tis preſumed, this operation only purifies more exquiſitely 
common ſolutions,  filtrations, and coagulations But this opinion 
may caſily be proved erroneous, as by other arguments, ſo particularly 
or method of diſtinguiſhing the tribes of ſalts. For the ſaline ſpirit 
fal-armoniac, as it is in many other manifeſt qualities very like the 
of urine; fo, like that; it will inſtantly turn ſyrup of violets to a 

y green; a ſolution of good verdigreaſe into an excellent azure ; and 
— 4 the ſolution of ſublimate depoſite a white precipitate... Therefore, in 
mel experiments, where L only deſign to produce a ſudden change of co- 
lours ſcruple not to uſe ſpirit of ſal - armoniac, when at hand, . inſtead 
of Spirit of urine; as indeed it ſeems chiefly to conſiſt of the volatile uri- 


in general, conclude affirmatively, but, in ſome caſes, negatively. . 


| ier parts of the globe of the earth; ſo 


„for compoſing the particles of - | © by violence, or by letting them ſoak into 
For otherwiſe the acid would not ' | © the pores of the central earth by a gentle 
e office of a-medium between the «© heat in putrefaction, till - the earth be 


diſſolvable in the water; nor woul into ſmaller particles; which, by reaſon 
pf tartar readily draw off the acid of their ſmallneſs, make the rotten com- 

n diſſolved metals, nor metals the | pound appear of a black colour. Hence 
þ from mercury. Now, as in the * alſo it may be, that the parts of animals 


at globe of the earth and ſea, the | and vegetables preſerve their ee 

e ſeſt bodies by their gravity fink down forms, and aſſimilate their nouriſſiment; 

„ IwVater, and always endeavour to go þ' the ſoft and. moĩſt nouriſhment eaſily 
awards the centre of the 


lobe; ſo in. | changing its texture, till it becomes like 


ticles of ſalt, the denſeſt matter may. | « the denſe, hard, dry, durable earth in 
yt rays endeavour to approach the cen- the centre of each particle. But when 
«6 of the particle: ſo that a particle | the nouriſhment grows too moilt to be 
2 ſalt may be compared to a chaos, * aflmilated, or the central earth grows 


ng: denſe, hard, dry and earthy in 6 too feeble to aſlimilate it, the motion 
centre; and rare, ſoft, moiſt, and ends in confuſion, putrefaction, and 
ery in the circumference, And | death.“ Newton. Optic. p. 360—362-. 


white. 


Walt. And by this way of ya 5a Kg chymical liquors, we may not 


us, ſince ſpirit of wine, and, as far as I have try'd, the chymical oils 
Myot turn ſyrup of violets red, or green; nor the ſolution of ſublimate, 


| hence it ſeems to be, that falts. are of / 
e ttraction may make the watry acid. |  ©* laſting nature, being ſcarce deſtroyed, - 
round the compacter particles of . | “ unleſs by drawing away their watry parts 


and common water, for — | © diſſolved by the water, and. ſeparated | 


87 


So that having always at hand ſome ſyrup of violets, CFFWN 
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Paysics. white or yellow, I infer, with probability, that either they are deſtituy 
ol ſalt, or have ſuch as belongs not to either of the three grand familie 
mention'd. | 
And thus, upon examining the ſpirit of oak, or of ſuch like ſubſtance 
forc'd over the retort, I found by this means, amongſt others, that thoſ 
chymiſts are much miſtaken, who make it a ſimple liquor, and one of thei <<: 
hypoſtatical principles; for, not to mention what phlegm it may have, ; 
few drops of one of this ſort of ſpirits, mix*d with a large proportion « ä 
ſyrup of violets, turn'd it purpliſh ; by the affinity of which colour to red. a 
neſs, I * that the ſpirit contain'd ſome acid corpuſcles, and a. 
cordingly found, that it would deſtroy the blueneſs of the nephritic ti | 
Eure 3 and that being put upon corals, it would corrode them like com 
mon ſpirit of vinegar, and other acid liquors. And to examine whethz 
there were not a great part of the liquor of other than an acid nature; | 
ving ſeparated the ſour part from the reſt, we concluded, the remainin; _ 
part, though it had a ſtrong taſte, as well as ſmell, to be of a nature dit 
rent from that of any of our three ſorts of ſalts; for it did as little x 
ſpirit: of wine, and chymical oils, alter the colour of ſyrup of violets, an - 
a ſolution of fublimate : whence we alſo inferr*d, that the change made. 
that ſyrup into a purple colour, was effected by the vinegar, that prov 
one of the ingredients of the liquor which uſually paſſes for a ſimple, « 
uncompounded ſpirit. | 
And by the ſame way we may examine and diſcover many changes tl: 
are produced in bodies, either by nature or art; for both are able, 
changing the texture of ſome ſubſtances, to qualify them to operate aft 
a new manner, upon the ſyrup, or ſolution. Thus I have diſcover'd, ti 
there are factitious bodies, which, tho? they run as readily as ſalt of tart 
belong, in other reſpects, not to the family of alkalies, much leſs to ti 
of volatile or acid falts. Perhaps, too, I know a way of making 
highly operative ſaline body, that ſhall neither change the colour of ſyn 
of violets, nor precipitate the ſolution of ſublimate. And I can, lik | 
wiſe, conceal the liquors wherewith I make ſuch changes of colours: 
thoſe lately mention*d, by quite altering the texture of ſome ordini 
chymical productions. cf 
We may here obſerve, that the reaſon why our method of examini: 38 
falts, ſucceeds in the ſolution of ſublimate, depends upon the particu! | 
texte of that ſolution, as well as upon the different natures of the {a 
liquors employ'd to precipitateit. For gold diſſolv'd in Aqua regia, whet! 
it be precipitated with oil of tartar, which is an alkali, or ſpirit of (al! 
moniac, which is a volatile ſalt, will either way afford a yellow ſubſtan 
tho? oil of vitriol, itſelf, would not precipitate the metal out of the ſolu “ 
or deſtroy the colour of it; notwithſtanding that oil will readily precip!® 
filver diſſolv'd in Agua fortis. And if you diſſolve pure ſilver in A 
Lis, and ſuffer it to ſhoot into cryſtals, the clear ſolution of theſe made! 
fair water, will afford a very white precipitate, whether occaſiond? 
an alkali, or an acid ſpirit ; tho? with ſpirit of ſal- armoniac, made" i 
qui 
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| upon COLOURS. 
| A ck: lime, I cou'd obtain nothing like it; this volatile ſpirit, as alſo that Pn YSICS, 


lie Nurine, ſcarce doing any more than ſtriking down a very ſmall quantity 
matter, which was not ſo much as whitiſn; ſo that the remaining li- 
5, r, being ſuffer'd to evaporate its ſuperfluous moiſture, the greateſt part 
of: the metalline corpuſcles, with the ſaline ones that had imbibed them, 
Net gulated together into ſalt; as is uſual in ſuch ſolutions, when the metal 
c, 1 not been precipitated. 
nd 1. From ſpirit of urine, made after fermentation, and a due propor- 
red. Wn of copper-filings, having obtain'd a very lovely azure ſolution ; I 
| 1: rr'd into a clean glaſs, about a ſpoonful of this liquor, and found I 
tin ad, by ſhaking into it ſome drops of ſtrong oil of vitriol, immediately 
om ive it of its deep colour, and make it look like common water. And 
>the co a ſmall ſpoonful of a ſolution of good French verdigreaſe, made in 
b. Vater, I dropp'd and ſhook ſome ſtrong ſpirit of ſalt, or dephlegm'd 
nin! Fortis, the greenneſs of the ſolution would, in a trice almoſt, totally 
dit ypear, and the liquor, held againſt the light, ſcarce appear other than 
le: . or limpid; which is therefore remarkable, becauſe we know, that 
„ a fortis, by corroding copper, the thing which gives the colour to 
des  Velgreaſe, uſually reduces it to a greeniſh blue ſolution. But if into this 
roy, at colourleſs liquor, you drop a juſt quantity either of oil of tarcar, 
le, 0 Writ of urine, you may find, that after the ebullition is ceas*d, the 
are will diſcloſe a lively colour, tho* ſomewhat different from that the 
es tit Won of verdigreaſe had originally. 
le,, 3 But theſe experiments tending either to alter the colour of a body, 0,-3.4 chen 
. af; Oftirely to deſtroy it, without giving it a ſucceſſor ; I had a deſire allo, ge into more, 
1. th Wn a body of one colour into two, very different both in conſiſtence “ 4iferent co- 
N olour, by help of one that was colourleſs. In order to this, finding ee «Sh 
| Wikcidity of ſpirir of vi be wholly deſtroy'd, by workin — 
to tt | Y Pirit ot vinegar to * Oy d, Dy working UPON dient. 
king „I concluded, that the ſolution of lead, in ſpirit of vinegar, 
fin Wa alter the colour of the juices and infuſions of ſeveral plants, after 
| ji; anner of oil of tartar; and, accordingly, I was quickly fatisfied, 
dus: trial, chat the infuſion of roſe- leaves would, by a ſmall quantity of 
dun olution, well mix'd with it, be immediately turn'd into a ſaddiſh 
imin⸗ Wn further, J had often found, that oil of vitriol will precipitate 
tiv bodies, both mineral and others, diſſolv'd not only in Aqua fortis, 
he s rticulagly in ſpirit of vinegar. I had alſo found, that the pow- 
whe: rr ecipitated by this liquor, were uſually fair and white. Laying 
1. things together, *twas rfot difficult to conclude, that if upon a tin- 
btanc au of red r oſe-leaves, made with fair water, I dropp'd a quantity of a 
ol ue of Minium, the liquor would be turn'd into the like muddy 
ecipi: ubſtance, whereto oil of tartar would reduce it; and that a conve- 
Aquaſ proportion of oil of vitriol, would have two diſtin& operations upon 
"7x; cure; the one, to precipitate the diſſolv'd lead in the form of 
cond! r 2 the other, to clarify the muddy mixture, and both 
denn ee and exceedingly heighten the redneſs of the infuſion of roſes: 
Nac® ., or. II. N = 
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PRysfcs., and making the experiment accordingly, in a conical glaſs, that t. 
LWYRL ſubſiding powder might ſeem to poſſeſs the more ſpace, and be the mon 
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conſpicuous z I found, upon ſhaking the green mixture, that the colour; 
liquor might be the more equally diſpers'd, a few drops of the rectifiz if 
oil of vitriol, preſently turn'd the opake liquor into one that was cle; 
and red, almoſt like a ruby; and threw down a large quantity of a poy. _ 
der, which, when ſettled, would have appeared very white, if ſome inter. 
ſpers'd particles of the red liquor had not a little allay*d the purity, thy 
it did not blemiſh the beauty of the colour. 
And to ſhow that theſe effects flow from the oil of vitriol, as it is a ſtroy 
acid menſtruum, that has che property both to precipitate lead, as we 
as ſome other ſubſtances, out of ſpirit of vinegar, and to heighten the o 
lour of red roſe-leaves ; I have done the ſame thing, tho*, perhaps, n 
quite ſo well, with ſpirit of ſalt, but could not do it with Aqua forti; 
becauſe tho? that potent menſtruum, as well as the others, heightens t. 
redneſs of roſes, yet it would not, like them, precipitate lead out of (j 
rit of vinegar, but rather diſſolve it. And as, by this way, we have pr 
duc'd a red liquor, and a white precipitate, out of a dirty green magiſte 
of roſe-leaves; ſo, by the ſame method, we may produce a fair yellor 
and ſometimes a red liquor, and the like precipitate out of an infuſion of 
curious 3 colour. For, I lately intimated, that I had, with a f. 
an alkali, turn'd the infuſion of log-wood into a lovely purp|: 
but if, inſtead of that alkali, I ſubſtituted a very ſtrong, and well-filtr 
ſolution of Minium, made with ſpirit of vinegar ; and took about hall. 
much of this liquor as there was of the infuſion of log-wood ; a con 
nient proportion of ſpirit of ſalt, would, if the liquors were briskly ſho 
together, preſently ſtrike down a precipitate like the former, and turnt 
liquor that ſwam above it, for the moſt part, into a lovely yellow. 
But to advance this experiment a little further, J conſider*d, that 
caſe I firſt turn'd a ſpoonful of the infuſion of log- wood purple, by 
convenient proportion of the ſolution of Minium; the affuſion of ſpirit of 
armoniac, would precipitate the corpuſcles of lead, conceal'd in the ſolutn 
of Minium, and yet not deſtroy the purple colour of the liquor; where! 
I thus —_— I took about a ſpoonful of the freſh tincture of log o 
(for if it be ſtale, the experiment will not always ſucceed) and having put! 
it a convenient proportion of the folution of Minium, to turn it into 
deep and almoſt opake purple; I then dropp'd in as mucheſpirit of“ 
armoniac as I gueſs'd would precipitate about half the lead; and imm 
diately ſtirring the mixture well together, F mix'd the precipitated pi" 
with the others, ſo that they fell to the bottom, partly in the form 0'' a 
powder, and partly in the form of a curdled ſubſtance, that retain'd, * 
well as the upper liquor, a bluiſh purple colour, ſufficiently deep; ® | 
then inſtantly pouring in a pretty quantity of ſpirit of ſalt, the mac 
firſt precipitated, was, by the conical figure of the glaſs, preſerv'd f 
the ſpirituous ſalt, which ſuddenly precipitated upon it a new bed of v ri 


powder, or the remaining corpuſcles of the lead, that the urinous ſpirit” 4 
0 Mb 
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by. 24 : iſt1 d Pavsics 
*& ftruck down; fo that there appear'd in the glaſs, three diſtinct an 
differently colour'd ſubſtances ; a purple, or violet-colour'd precipitate CFWNL 
e bottom; a white and carnation precipitate over that; and, at the 

r all, a tranſparent liquor, of a lovely yellow, or red. 


fee hus, tho? to ſome, I may ſeem to have hit on this, and the like expe- 
l nts, by chance; whilſt others imagine they proceed from ſome extraor- 
* ry inſight into the nature of colours; yet, indeed, the contrivance of 
oY WW need not to be look*d upon as any great matter, in one who is a little 
th a in my notions about the differences of ſalts. : : 

7 >. That the colour of a body may be chang'd by a liquor, which, of —— s 
s colourleſs, provided it be ſaline, we have already ſhewn by a mul- 7 = pr 
We ec of inſtances ; and the thing does not appear ſtrange, becauſe faline 3%, z; ſoring- 
_ les ſwimming up and down in liquors, have been often obſerv*d to water. 
W aSowerlully in the production and change of colours: but it has ſeem'd 
110 iaing to many, unacquainted with chymical operations, that a white 
* ody ſhould immediately acquire a new rich colour, upon the bare af- 
f f of clear ſpring water. And yet the way of producing ſuch a change 
a ours, may be eaſily hit on by thoſe who often make ſolutions of mer- 
ilte Por we have try'd, that tho' by evaporating a ſolution of quick- 
Ion . Agua fortis, till the remaining matter began to be tolerably dry, fair 
n of waters pour*d on the remaining calx, turn'd it but a little yellowiſh ; yet, 
al ee took good quick- ſilver, and three or four times its weight of oil 
urpt of Whol, and in a glaſs retort drew off the ſaline menſtruum from the me- 
fil i liquor, till there remain'd a dry ſnow-white calx at the bottom; 
hal. pouring on it a large quantity of fair water, we did, almoſt in a 
com nt, perceive it to paſs to one of the lovelieſt light yellows that ever 
ſho. eld. And the turbith mineral is of a colour not much inferior to 
urn' ; tho? it be often made with a different proportion of the ingredients, 
ter a more troubleſome manner. But this colour, tho? ſo exquiſitely 
that nd ſo greatly wanted by painters, is, I fear, too coſtly to be em- 
„ bf by them, unleſs about curious pieces; tho? I do not know how well 
irolv ara agree with every pigment, eſpecially with oil- colours. 
ſolun i d whether this experiment be really of another nature, than thoſe 
eres in ſaline liquors are employ'd, may be ſo plauſibly doubted, that 
z Wo. Aer the water pour'd on the calx, do barely, upon imbibing ſome 

ig pu: r ſaline parts, alter its colour, changing its texture; or whether by 
t inte git ing the coagulated ſalts, it becomes a ſaline menſtruum, and, as 
t of operates upon the mercury, I leave to be conſider'd. I have, how- 
| imm i ſeveral times, with fair water, waſh'd from this calx abundance of 
ed pt. We ly-taſted corpuſcles, which, by the abſtraction of the menſtruum, I 
rm o reduce into ſalt. 

ain d, r, to ſhew how much a real and permanent colour may be call'd out 
ep; i liquor that has neither colour, nor ſo much as ſaline, or other active 
e matt 3 provided it can but bring the parts of the body it imbibes, to convene 
wd cluſters, diſpos'd after a particular manner, we made the following 
of will of Eriment. a 

ſpirit ; L N 2 44. We 
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Paysics. 44. We put ſome powder of good common vitriol into a crucible, ay 
LYN keptir melted in a gentle heat, till, by the evaporation of ſome parts, a; 
4 p-r:11nent the tranſpoſition of the reſt, it had quite loſt its former colour; what g; 


los Auced . , . | . 
by er. main*d we took out, and found it to be a friable calx, of a dirty grey < 


arrangement lour: on this we pour'd fair water, which it did not tinge either green» 


of parts, blue, but only ſeem'd to make a muddy mixture with it; then ſtoppig 
the vial wherein the ingredients were, we let it ſtand in a quiet place fu 
ſome days. The water having now diſſolv'd a large part of the imperfe&j 
calcin'd body; the vitriolic corpuſcles ſwimming to and fro in the liquy 
had time, by their occurſions, to conſtitute many little maſſes of vitrid 
which gave the water they impregnated, a fair vitriolic colour; and th 
liquor being pour'd off, the remaining dirty powder, in time, communi 
cated the like colour, but not ſo deep, to a ſecond parcel of clear war 
T that we pour*d on it. | 
various coliers 45. It may contribute to ſhew how much ſome colours depend upon 
produced in leſs or greater mixture, and contemperation of light with ſhades, to d 
ps parts ſerve how the number of particles of the ſame colour, either receiv'd in 
— * pores of a liquor, or ſwimming up and down in it, may ſeem great; 
to vary the colour of it. I could produce ſeveral inſtances of ſolid bodis 
wherein, if the colour be not a light one, as white, yellow, or the lik 
the cloſeneſs of parts in the pigment, makes it look blackiſh ; rho? wh 
laid on but thinly, it will, perhaps, appear blue, green, or red: bu 
ſhall rather inſiſt upon liquors, than dry bodies. 
If, then, you put a little fair water into a clear ſlender vial, and let fall: 
to it a few drops of a ſtrong decoction, or infuſion, of cochineal, or of br 
Zil, the ting'd drops will deſcend like little clouds into the liquor, thr 
which, if by ſhaking the vial, you diffuſe them, they will turn the water! 
a pink colour; by dropping in a little more of the decoction, you n 
heighten the colour into a fine red, almoſt like that of rubies ; and? 
continuing the affuſion, the liquor may be brought to a kind of cri 
ſon, and afterwards to a dark opake redneſs. And whilſt the! 
quor paſſes frem one of theſe colours to the other, you may obſer 


many leſs noted colours, bordering upon red, to which it is not cat an 


aſſign names; eſpecially conſidering how much the proportion of the 
eoction to the fair water, and the ſtrength of that decoction, may, . 
other circumſtances, vary the phenomena of this experiment. But, 
make it with the greater conveniency, we uſe, inſtead of a vial, a ſlenc 
pipe of glaſs, of about a foot in length, and about the thickneſs of a mil 


little finger: for, if leaving one end of this tube open, you ſeal up the! 1 | 


ther hermetically, or otherwiſe exactly ſtop it, you have a glaſs, whett 

may be obſerv'd, the variations of the colours of liquors, much bet! 

than in large vials ; and wherein experiments of this nature, may be ma 

with very ſmall quantities of liquor. And in this pipe, may be produc 

various colours, in the various parts of the liquor, and be kept long {vs 

ming upon one another, unmix'd. 
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an nas excited the admiration of ſome perſons to ſee what a variety of co- Pays1cs. 


and e have ſometimes produced in ſuch glaſſes, by the bare infuſion fr 
t It, i. variouſly diluted with fair water, and altered by the infuſion of 
' C0 al chymical ſpirits, and other ſaline colourleſs liquors ; and when the 
nt ie mixture is reduced to an uniform degree of colour, I have made it 
pin ear to be of colours gradually differing, by pouring it into glaſſes of a 
c it ical figure. Or even take a large round vial, fill it with the red infu- 
of brazil, hold it againſt the light, and you will diſcern a notable 
110, rence betwixt the colour of that part of the liquor which is in the bo- 
rid f the vial, and that which is more pervious to the light, in the neck. 
I thi 1 once had a glaſs, and a blue liquor, which was chiefly a certain ſolu- 
ann of verdigreaſe, ſo fitted, that tho' in other glaſſes the experiment 
an ga not ſucceed ; yet when this particular glaſs was filled with that ſo- 
bn, it appeared in the body of the vial of a lovely blue, and in the neck 
nt ol manifeſt green. I had alſo, a broad piece of glaſs; which being 
00) ed againſt the light, ſeem'd clear enough; and, held from the light, 
din red very little diſcoloured : yet it was a piece knock'd off from a 
rea; lump of glaſs, to which if we reoin'd it, where it had been broken 
ode the whole maſs appeared green as graſs. 
Ik ave, likewiſe, ſeveral times uſed bottles and ſtopples, both made of 
wi the ry ſame metal; and yet whillt the bottle appeared only inclining to 
by the ſtopple was of ſo deep a colour, that it could hardly be thought 
Die they ſhould be the ſame materials. And I have by me a flat 
fall on which, if I look againſt the light with the broad ſide obverted 
f by y eye, it appears like a good ordinary window-glaſs; but if I turn 
n ige of it to my eye, and and in a convenient poſition, with regard 
ater e light, it emulates an emerald. 
dum ave ſometimes made a fluid kind of pigment, which, dropped on a 
ind! of white paper, appears, where any quantity of it falls, of a crim- 
F ern aur; but, being ſpread thinly on the paper, preſently exhibits a fair 
the = : | 
obſer et me add, that having made many experiments with that blue ſub- 
eaſy! nce, called by the painters litmaſe; we have ſometimes obſerved, that 
the c diſſolved in a due proportion of fair water, the ſolution; either op- 
„ W Fs the light, or dropped upon white paper, appeared of a deep 
But, eier, betwigF crimſon and purple; yet, when ſpread very thin on the 
lenk r- and ſuffered to dry there, the paper was thereby ſtain'd of a fine 
4 m bur This experiment alſo ſucceeded, when made on a flat piece of pure 
v the! glazed earth. And having let fall a few drops of the ſtrong infu- 
where! of chis litmaſe, in fair water, into a fine cryſtal glaſs, ſhaped like an 
ben ted cone, and almoſt fill'd with clear water; I had the pleaſure to 
be mil heſe few tinged drops, variouſly diſperſing themſelves throꝰ the lim- 
rode Vater, exhibit many colours, or varieties of purple and crimſon. 
g (yi when the corpuſcles of the pigment ſeem'd to have equally diffuſed. 


Loe perceived it firſt made an odd change in the colour of the liquor, 


celves thro' the whole; by adding to it two or three drops of ſpirit of 


as 
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Physics. as well as a viſible commotion among its ſmall parts, and in a ſhort tin, 

changed it wholly into a very glorious yellow, like that of a topaz. Aft 
this, if I let fall a few drops of a ſtrong heavy ſolution of pot-aſhq 
whoſe weight would quickly ſink it to the ſharp bottom of the glaſs; then 
would ſoon appear four very pleaſant and diſtinct colours: viz. a fain 
bright one, at the ſharpeſt part of the glaſs; a purple, a little higher; 
deep and glorious crimſon, in the confines betwixt the purple and the ye. 
low; and an excellent yellow, the ſame that before adorn'd the whole |; 
quor, reaching from thence to the top of the glaſs. And if I poured, yer 
gently, a little ſpirit of ſal-armoniac upon the upper part of this yelloy, 
there would alſo ariſe there a purple, or a crimſon, or both; ſo that ti 
unaltered part of the yellow liquor appeared intercepted betwixt the ty 
neighbouring colours. Hence we need not be ſurprized at the tricks ( 

| thoſe mountebanks, who are commonly called water-drinkers. For thi 

| not only the vulgar, but many perſons far above that rank, have wonde. 

| ed to ſee a man, after drinking large quantities of fair water, return it 

| the form of claret, ſack and milk; yet having by chance had occaſion 

| oblige a wanderer, who made a profeſſion of this, and other jugglin 

tricks, he ingenuouſly confeſſed to me, that the art conſiſted rather in 

few tricks than any great skill in altering the nature and colours of thing 

And I ſuſpect there may be a great deal of truth in a little pamphlz 

| 3 long ago in Exgliſbo; wherein the author undertakes to diſco: 

| rom the confeſſion of ſome of the accomplices themſclves, that a famo: 

| water-drinker, then much admired in England, performed his pretend: 
tranſmutations of liquors by the help of two or three inconſiderable pr 
E and mixtures of obvious fluids; and chiefly of an infuſion « 

razil variouſly diluted and made pale, yellowiſh, Sc. with vinegn 

And, for my part, what moſt ſurprizes me in this affair, is, that tt 
drinkers can take down ſo much water, and ſpout it out again with vi 
lence 3 tho? cuſtom, and a vomit ſeaſonably taken before-hand, may 
ſome of them greatly facilitate the work. But as for the changes th 
make in liquors, thoſe are but few and ſlight. ; 

Changes of 46. Helmont uſed to make a preparation of ſteel, which a very ingeniot . 

ee „ Hend chy milt ſometimes employs for a Succedaneum to the ſpaw. waters; © 

— * 5 luting this Eſſentia Martis liquida, as he calls it, with a due proportion 0 

liar texture of water. And tho? this preparation be almoſt of the colour of a Germ 

the menfiruun. amethyſt, and conſequently remote from green; yet a very few drops ol: 
being let fall into a large proportion of Rheniſb, or white-wine, it immediat! ele 
Jy turns them to a lovely green. By which phenomenon we may learn he b: 

14 requiſite it is in experiments, about the changes of colours, carefully ! 11 

| regard the circumſtances of them; for water will not, as I have purpol i 80 

ly try*d, concur to the production of any ſuch green; nor did it g“ WP: 

that colour to moderate ſpirit of wine, wherein I diſſolved it: and u- N 

itſelf is a liquor that few would ſuſpect able, of a ſudden, to work 1 

ſuch change in a metalline preparation of this nature. And to ſatis! 2M 

my ſelf that this new colour proceeds rather from the peculiar texture . 


hat common red powder we call Minium; copper alſo, calcined 
by a long or violent fire, gives a very dark or blackiſh powder; 


1 


or almoſt like that of ſaffron, as we fee in the preparation of Crocus 
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upon Corlou ks. 


er, with a large quantity of ſpirit of ſalt; and then the mixture ac- 
Jed no greenneſs. a Tt 
O ry the experiment a little, I try'd, that if into ſome Rheniſh wine 
le green by this eſſence, Idropped an alkaline ſolution, or urinous ſpi- 
che wine would preſently grow turbid, and of an odd dirty colour. 


9 if inſtead of diſſolving the eſſence in wine, I diſſolved it in fair water, 


4 4 
\ & # P 
e * 


pen'd with a little ſpirit of ſalt; then either the urinous ſpirit of ſal. 
nniac, or the ſolution of the fixed ſalt of pot-aſhes, would immediately 
it of a yellowiſh colour; the fixed or ruinous ſalt precipitating the 
loc ſubſtance contained in the eſſence. And as our eſſence imparts a 
gneſs to wine, but not to water; Olaus Wormius tells us of a rare 
| * of turn-ſol he had, whoſe beautiful redneſs would be eaſily commu- 
ad to water, but ſcarce to wine, and not at all to ſpirit of wine: in 
Eh laſt circumſtance it agrees with our eſſence, tho? they diſagree in 
ome particulars, | 


95 


0 wine, than from any greater acidity that Rheniſh, or white wine has, Puvsics. 
ompariſon of water; I ſharpened the ſolution of this eſſence in fair. 


l have often taken notice, that metals, as they appear to the eye, The diſerent 
befate they come to be altered by other bodies, exhibit colours very diffe- % 


re om thoſe which the fire, or a menſtruum, either ſeparately or con- 
Jointly, produce in them; eſpecially conſidering, that theſe metalline 
are, after all their diſguizes, reducible not only to their former 
ence, and other more eſſential properties, but to their colour too; 
ture had given them an external and an internal colour. But, upon 
mage attentive conſideration of this difference of colours, it ſeems probable 
that many of thoſe we call internal, are rather produced by the 
oon of metalline particles with thoſe of the ſalts, or other bodies 
Wy'd to work on them, than by the bare alteration of the parts of 
neWetals themſelves. Of theſe adventitious colours of metalline bodies, 
f ſorts ſeem to be three; viz. ſuch as are produced by the ſole 
of the fire; ſuch as emerge from the coalition of metalline par- 
vith thoſe of ſome menſtruum employ'd to corrode, or precipitate: 
tal ; and, laſtly, the colours afforded by — hel, either 
with, or otherwiſe penetrating into others, eſpecially ſueh as are 


to the firſt of theſe colours; *tis well known to chymiſts, that tin 
d by fire alone, affords a white calx; and lead, by the ſame means, 


likewiſe, may, by the action of reverberated flames, be turn'd into 


\ Pts per ſe; and mercury, by the power of fire, will be turn'd into a 
mgowder, call'd precipitate per /e. | 05 * 
. ſides, the ſame metal may, by the ſucceſſive operations of the fire, 
ve ſeveral adventitious colours; as is evident in lead, which, before 
ves at ſo deep a colour as that of Minium, may paſs thro' ſeveral 
| And, 


v 


1 
8 


metals in di e- 
rent ſtates. 
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may have colours different from the obvious or natural colours of the me. 


Fortis, till the menſtruum will work no farther on it, becomes exceed: 


Experiments and Obſervations 
And, not only the Calces, but the glaſſes of metals, vitrify'd per k 


tal; as I have obſerved in the glaſs of lead, made by long expoſing tha 
metal crude to a violent fire. I have likewiſe ſeen a piece of very dar, 
glaſs, which an ingenious artificer, who ſhewed it me, profeſſed he mad 
of ſilver alone, by an extreme violence of the fire. 

Minerals al ſo, by the action of the fire, may be brought to afford < 
lours very different from their own; as was obſerved about the variouſy 
coloured flowers of antimony. To which we may add, the whitiſh gre 
colour of its calx, and the yellow or reddiſh one of the glaſs, into whi, 
that calx may be fluxed. And vitriol, calcined with a very gentle hen 
and afterwards with higher degrees of it, may be made to paſs thro' ; 
veral colours, before it deſcends to a dark purpliſh one, whereto a ftroy 
fre will at length reduce it. F | 

48. The adventitious colours produc'd in metals, by ſaline liquors, » 2 
many of them, well known to chymiſts. That gold, diſſolv'd in 4 
regia, communicates its own colour to the menſtruum, is a common obſz 
vation; but the ſolutions of mercury, in Aqua fortis, are not generi| 
obſerv'd to give any notable tincture to the menſtruum; tho? ſometimes 
when the liquor firſt falls upon the quickſilver, I have obſerv'd a very: 
markable greenneſs, or blueneſs to be produc'd. Tin, corroded by 4 


white; and eaſily, of itſelf, acquires the conſiſtence not of a metall: 
calx, but of acoagulated matter, ſo like either to curdled milk, or cu: 
led whites of eggs, that a perſon unacquainted with ſuch ſolutions, mig 
eaſily be miſtaken in it. But when I purpoſely prepar'd a menſtrur 
that wou'd diſſolve it, as Aqua fortis diſſolves ſilver, not barely corm 
it, and quickly let it fall again; I remember no particular colour in the 
lution: as if the more whitiſh metals did not much tinge their menſtr 
tho? the high- colour'd ones, as gold and copper, do. For lead diffolr 
in ſpirit of vinegar, or Aqua fortis, gives a clear ſolution: and, if! 
menſtruum be abſtracted, appears either diaphanous, or white. And 
worth noting, that tho* when iron is diſſolv'd in oil of vitriol, diluted y 
water, it affords a ſalt, or magiſtery, ſo like in colour, as well as ſome od 
qualities, to green vitriol, that chymiſts properly call it, Vitriolum Man 
yet, by changing the menſtruum, d pouring upon the filings of ſi 
Aqua fortis, inſtead of oil of vitriol, I obtain'd not a green, but a aft 
colour'd ſolution, or rather a thick liquor, of a deep yellowiſh E 
Common filver, diſſolv'd in Agua fortis, yields a ſolution ting'd like nl 
of copper; which is not to be wonder'd at, becauſe, in coining (i en 
they give it an allay of copper; and what is ſold for refin'd ſilver, i ri 
ſo perfectly free from that ignobler metal, but that a ſolution of it in, 
fortis will give its tincture to the menſtruum. But we could not obſef uh 
upon the ſolution of ſome ſilver perfectly refin*d, that the menſtrut 
tho' held againſt the light, in a cryſtal vial, manifeſtly diſclos'd any” Wl 
_— only it ſometimes ſeem'd not quite deſtitute of a very faint N . 
caſt. 7 


aßen Coro 


ut, of all the metals, there is not one which fo eafily and conftantly Pri $165: 


oſes its colour as copper. For, in acid menſtrua, as Aqua fortis, and & 
WE: of vinegar, it not only gives a bluiſh green ſolution ; but if it be al- 


n any way corroded, it appears of one of thoſe two colours. And fo 
„ I anc is the diſpolition of copper, notwirhſtanding the diſguize artiſts 
pon it, to diſcover its colour, that we have, by forcing it up with fat- 
+ Boniac, obtain'd a ſublimate of a bluiſh caſt. Nay, a famous chymiſt 
i s, that the very mercury of it is green; but till he teaches us an in- 
0 = ible way of making fuch a mercury, we muſt content ourſelves to 
is chat we have had a cupreous body precipitated out of a diſtill'd li- 
er Vvhich .ſeem'd to be the ſulphur of that metal, and even when fla- 
„ a ppear'd of a greeniſh colour. And, indeed, copper is a metal 
on y wrought upon, by liquors of ſeveral kinds, that; I might fay, 
| not any mineral which eoncurs'to the production of fuch a variety 
„ „ lours, as copper diſſolv'd in ſeveral menſtrua, viz. ſpirit of vinegar, 
FR 2, ortis,, Aqua-regja, ſpirit of nitre, of urine, of ſoot, oils of ſeveral Kinds, 
vin che variety of them were not comprehended within the limits of 
ral graqniil blue, or bluiſh green. | „One | | 
mm being deſirous to try if I could not with crude copper make a green 
yr ſolution, without the bluiſhneſs that uſually accompanies it, I concluded 
An ung o menſtrua, which, tho* I had not known employ'd to work on 
1 Wal, prov'd ſucceſsful:; the one was ſpirit of ſugar, and the other, 
all ſpirit of turpentine, which affords a fine green ſolution, uſeful on 
4 þ occaſions. And yet to' ſhew that the adventitious colour may re- 
mig well from the true and permanent copper itſelf, as the ſalts where- 
ir is corroded; if you take a piece of good Damzitk copperas, or 
Gd amber vitriol wherein copper is predominant, and * ins bl it 
the Wir water, rub it upon a bright piece of iron, or ſteel; it will (as 
— þ formerly ſaid) preſently ſtain it with a reddiſn colour, like that of 
fol! 4 re ſometimes *d what en a _ | * R wy T_ 
11 es try; d What colours ſuch minerals as tin-plaſs, anti- 
wet — _ would yield in'{eyeral' menſtrua. The Ike we have 
iow 7 4 _ —— which, that famous one call'd by Helmont, 
we" ys OT afforded in menſtrua able to diffolve ſo ſolid a ſtorie, 
il 1 ee and ſometimes a red ſolution. And from minerals 
ts nn wich ſeveral menſtrun, 'very differ dodo est and tome 
FO rw by —§ ui 
E — —˖ V 
len r £0 8 1 ng ſalts, or other convenient ſubſtances, to act 
-r r ſolutions. If quickſilver be diffoly'd in Aua fortis, and pre- 
% ee et che folurion, either by water impregnated Wich ſea-ſalt, or 
{A « 3 that concrete, it falls to the bottom in the form of a White pow- 
obſer: i — — 5 ben with/an-alkali, ir affords  yetlowiſt owder'; and 
alu” WS fire, the c made, and the menſtruum be drawn off with a coi 
* ee corroded mercury will remain at the bottom, and may be 


j t blu 
in 1 


0 K 1 -_ of different colours, IP different degrees of heat. 


Thus 
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Paysrcs, Thus having abſtracted Agua fortis from ſome quick-filver that we hat 
WY diſſolv'd in it, till there remain*d a white calx: by expoſing that to ſever; 


degrees of fire, and afterwards to a naked one, we obtain'd ſome new co 
lours ; and at length, the greateſt part of the calx lying at the bottom 
the vial, and being brought partly to a deep yellow, and partly to a ry 
colour, the reſt appear'd elevated to the top and neck of the vial ; fon, 
in the form of a reddiſh, and ſome of an aſh-colour'd ſublimate. At; 
even the ſuccedaneum to a menſtruum, may ſometimes ſerve to change t 
colours of a metal. The lovely red, which painters call vermilion, is mad 
of mercury, which appears of the colour of filver ; and of brimſtoy, 
which reſembles that of gold, ſublim'd up together in a certain proporti 
49. The third of the principal kinds of adventitiouscolours in meta; 
is that produc'd by aſſociating them, eſpecially when calcin*d with oth: 
fuſible bodies, and eſpecially Venice, and other fine colourleſs ſorts ; 
glaſs. | | 

I formerly gave an example of a metal, imparting a colour to gli 
very different from its own, in ſhewing how ſilver turns it to a love 
golden colour; I ſhall now add, that tho? I learn'd from one of the ch 
artificers in painted glaſs, that thoſe of his trade colour it yellow, with: 
preparation of the calx of ſilver ; yet, having mix'd a few grains 
ſhell-Glver, ſuch as is employ'd with the pencil and pen, with a conn: 
nient proportion of powder*d cryſtal-glaſs, and kept them for two 
three hours in fuſion, I was ſurpriz'd to find the melted maſs app 
upon breaking the crucible, of a lovely ſapphirine blue: which made 
ſuſpect my ſervant might have brought me a wrong crucible ; but! 


conſtantly affirm'd it to be the ſame wherein the ſilver was put; = 


confiderable circumſtances countenanc'd his aſſertion : whence, till fart 

trial, I ſuſpect either that ſilver, which is not very probable, brought * 
perfect fuſion with glaſs, may impartother colours thereto, than when ne- 
upon it; orelſe, which is leſs unlikely, that tho' filver-beaters uſuil 
chuſe the fineſt coin they can get, as that which ſpreads moſt under 
hammer; yet the leaf-{ilver, whereof this ſhell-filver was made, mi 
1 ſo much copper, as to give the predominant tincture to 
paſs. 1 5 | 

5 Take it, as another inſtance of the adventitious colours of metals, l 
tho* copper, calcin'd per /e, affords but a dark and baſely colour'd d 
yet the glaſs-men tinge their glaſs green therewith.» And, I rement 


when taking ſome crude copper, and by frequent ignition, 'and-quenci 2 VIC 


it in water, till, we had reduced it to à darkiſh-colour'd pos 
and afterwards keeping it in fuſion in about a hundred times its ver 
of fine glaſs, we obtain'd a blue- colour'd maſs, which wou'd, peri! 
have been green, if we had hit upon the right proportion of the mater” ä 
the degree of fire, and the time wherein it qught to be kept in ful” 


But tho? copper thus gives ſomewhat near the like; colour to glaſs, i! . 
communicates to Aqua fortis; yet it ſeems worth inquiring, Whether.“ 


new colours, which mineral bodies diſcloſe in melted glaſs, proceed q ww 


upon Colours 


upon the mineral body; from the concurrence of both theſe cauſes, 
om any other. | Fr 
e may obſerve, that putty, made by calcining together a proportion 
in and lead, as it is itſelf a white calx; ſo it turns the matter of the 
er fort of glaſs, where with it is melted; into a white maſs; which, if 
= g 0 a 

ove opake enough, is employ'd for white amel. ; 

hen the materials of glaſs; melted with calcin'd tin, have com - 


d an opake white maſs ; *tis made the baſis of all thoſe fine con- 
es the goldſmiths, and ſeveral artificers employ in the curious art of 
"apclling : for this white fuſible ſubſtance receives and preſerves the 


urs of many other mineral ſubſtances, which, like it ſelf, will endure 
re. 

nd, as it appears, that ſeveral minerals will impart to fuſible maſſes, 
urs different from their own; ſo, by the making and compounding of 


, it is manifeſt, that many bodies will both retain their colour in the 


aand impart the ſame to ſome others wherewith they were vitrify'd. 
Move formerly ſaw, that a blue and yellow compoſed a green amel. 
tis pretty to ſee, that ſome colours are of ſo fixed a nature, as to be 
ee of mixture, without receiving any damage from the fire; and 
ineral pigments may be mix'd by it, almoſt as regularly and ſuc- 
| ly as the vulgar colours, by the help of water, in the vats of 


OR ch metalline, and other mineral bodies, may be employꝰd to give tin- 
co glaſs; and *tis worth obſerving, how ſmall a quantity of ſome 


a al ſubſtances will tinge a comparatively vaſt proportion of it. 


have ſometimes attempted to colour glaſs even with precious ſtones z 


1 ad no cauſe to think the experiment ill beſtow'd. *Tis known that 


iicers in glaſs tinge their metal blue, with thatdark mineral, zaffora, 
Nome would have to be a mineral earth; others, a ſtone 3 and others, 
gow. neither; but it is confeſſedly of a dark, not a blue colour. *Tis, 
ie, a remarkable practice among them, that they employ magnaneſe 
= in glaſs, not only other colours than its own, (wherein it is ſo 
the load-ſtone, that it is given by mineraliſts for one reaſon of its 
Tai name Magneſia) but colours different from one another: for tho? 


| J it toclarify their glaſs, and free it from that bluiſn greeniſh colour, 
e 


it wou'd otherwiſe be ſubje& to; yet they alſo employ it in cer- 


proportions, to tinge their metal, both with a red colour, and with a 
„lic, or murrey; and, b 


0 y putting in a greater quantity, they alſo 
WE with it that deep obſcure glaſs, which paſſes for black. And this 


very well with what we formerly obſerv'd of the apparent blackneſs 


dſe bodies that are over-charg*d with the corpuſcles of . 
red, blue, green, c. 8 corpulcles of ſuch +. nd 


O 2 


And 
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coalition of the corpuſcles of the mineral with the particles of the Pays1rcs. 
or from the action of the alkaline ſalt (a principal ingredient of.. 
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Paysics. | And as by ſeveral metals, and other minerals, we can give various eq 
ours to glaſs ; ſo, on the other hand, from the different colours that nj. 
y — neral ores, or other mineral powders, by being melted with glaſs, diſclo; 
wer. * therein, a probable conjecture may be often made of the metal, or know 
mineral, that a propos'd ore either contains, or is neareſt allied to. An 
this eaſy method of examining ores, may, in ſome caſes, prove very ſe 
viceable ; but great circumſpection is requiſite to keep it from proviy 
fallacious, upon account of the variations of colour, producible by th 
different proportions that may happen, betwixt the ore and the glaſs; h 
the richneſs and poorneſs of the ore itſelf; by the degree of fire; ande 
pecially by the length of time, during which the matter is kept in fuſia 
There is another way, different from thoſe already mentioned, wherch 
metals may be brought to exhibit adventitious colours. And, in this cat 
the metal does not fo much impart a colour to another body, as recen 
one from it; or rather, both bodies, by the new texture reſulting tra 
their mixture, produce a new colour. I will not here infiſt upon the a 
amples afforded us by yellow orpiment, and common ſea-falt ; frg: 
which, ſublimed together, chymiſts unanimouſly affirm their white or cr 
ſtalline arſenic to be made: but tis worth nating, that tho? yellow or; 
ment be acknowledged by far the moſt predominant of the two-ingredien 
of arſenic; yet arſenic, duly added to the higheſt coloured metal, cy 
per, when in fuſion, gives it a whiteneſs both within and without.. Thu 
alſo, Lapis Calaminaris changes and improves the colour of copper, 
turning it into braſs. And I have ſometimes, by the help of Zink, du 
mixed after a certain manner, given to copper as rich a golden colour; 

ever I ſaw in the beſt true gold. 
De way f na- Upon knowing the different methods of producing the adventitious a 
Ain; counter- jours of metals and minerals in bodies capable of vitrification, depen 
Jus Seu. the pretty art of making counterfeit gems: for whilſt pure ſand, ora 
2 cryſtal, gives the body in their preparation; tis, for the moſt par 
ome metalline or mineral calx, mixed in a ſmall proportion with it, ti! 
gives the colour. Calcined lead, fuſed with fine white fand, or c 
al, reduced by. ignitions and ſubſequent extinctions in water, to a {il 
tile powder, will, of itſelf, be brought, by a due decoction, to gin 
clear..maſs, coloured like a German amethyſt. But this colour may) 
eaſily over- powered by thoſe of ſeveral other mineral pigments, ſo i 
with/a glaſs of lead you may emulate the freſh and lovely green of an en 
rald; tho', in many caſes, the colour which the lead itſelf, upon vitrifo 
tion, tends to, may vitiate that of the pigment deſign'd to appear in" 
maſs. Theſe colours alſo depend fo much upon the texture of the materi 
that we have made the glaſs of lead itſef, compoſed of about three pi! i 
of litharge, or Minium, fuſed with one of cryſtal, or ſand, very finely p 
dered, paſs thro different colours, according as we kept it more of! 
in fuſion. But the degrees of coction, and other circumſtances, ma) 


vary the colour produced, that, in a ſmall crucible, I have had " 1 
| mer | 


- 
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Nut, four diſtin colours might be diſcerned. 
ſides the three mentioned ſorts of adventitious colours in metals, 
may be others reducible under the ſame head; of which I ſhall in- 
| > only in two. | | | 

e firſt is afforded us from the practice of ſcarlet-dyers. A moſt fa- 
maſter in this art aſſured me, that neither he, nor others, can ſtrike 
ovely colour, called the bow-dye, unleſs their materials be boiled in 
1s of a particular metal. Secondly, metals will afford uncommon co- 
vy imbuing ſeveral bodies with ſolutions of them, made in proper 
trua. Thus, tho' copper, plentifully diſſolved in Agua fortis, will 
unicate to ſeveral bodies the colour of that ſolution; yet ſome other 

will not; as I have often try'd. Gold, diſſolved in Agua regia, 
the nails and skin, the hafts of knives, and other things made of 
, not with a yellow, but a purple colour; which, tho” it manifeſt 


= 
3 
5 ” 


a blagkiſh colour. 
uors themſelves. I ſhall not fetch an example of this from what 
eeddiſh colour, when boiPd ; nor ſhall I inſiſt on the practice of giv- 


oo ſuch fleſh as would otherwiſe appear purely white: I rather chuſe 
that I have ſeveral times found a ſolution of the ſulphur of vitriol, 
Yen of common fulphur, tho? the liquor appeared clear, immediate 

ea piece of new coin, or other clean ſilver, ſometimes with a 80. 


ſhould, for a while, tinge ſuch pieces of coin yellow, as are fora 
immerſed in it, And even vegetable liquors, whether by dege- 


-— abounding with diſſolved ſubſtances of a very ſulphureous 
dus 


eon, or by altering the texture of the body that imbibes them, may 
other ſubſtances with colours very different from their own. Tis af- 


Fd by painters as a glorious red ;. and finding the experiment conſide- 
. but very imperfectly related, we improved upon it in the following 


oo 
WM manner: 
* 
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but ſlowly, is very durable, and can ſcarce ever be waſhed out. 
we formerly ſaid, that the purer cryſtals of fine filver made with 
portis, tho' they appear white, will preſently dye the Kin and nails 
black, not to be waſhed off like ordinary ink. And many other 
may, in the fame manner, be dy*d, ſome of a black, and others of. 
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or the ſame maſs; in ſome of which, perhaps, not To big wa hn- Pnysres. 


WY 


eeral ſolutions, alſo, may produce colours different from thoſe of Mineral ſolu- 
tions may give 


s in the ſalting of beef, which often appears green, and ſometimes 20, nei: 


own. 


oy ſalt- peter, and a certain proportion of common ſalt, a fine red- . 


ometimes with a deeper, and more reddiſh colour; according to the 
rh of the ſolution, and the quantity of it, that chanced to adhere to 
petal. This renders it the leſs ſurprizing, that the water of the hot 


med, that the green juice of Alcanna dyes the skin and nails of a laſting. 


9 . Meeting, in an Halian author, with a way of prepar Wen thod 
2 TLacca of vegetables, by which the /talians tell i nur. extract prepering 2 


painting, like that rich Lacca, in Engliſh commonly calPd lac, em- gn vegeta- 


: 
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Physics. manner: tho? the thing, as there delivered, is, by the Talians, eſteen 
a great ſecret. 
Put what quantity of 7 turmeric you pleaſe into fair watt 
adding to every pound of that liquor a large ſpoonful of a very ſtr, 
lixivium of pot-aſhes, clarify*d by filtration; let all this ſimmer over a 
fire in a clean glazed earthen veſſel, till you find, by the immerſion of 
ſheet of white paper, that the liquor is ſufficiently impregnated with t 
golden tincture x7 ns turmeric: then take the decoction off the fire, 
filtre or ſtrain it; and afterwards, leiſurely dropping into it a ſtrongj 
lution of roch-alum, the decoction will, as it were, be curdled ; andy 
tinged part of it either emerge, ſubſide, or ſwim up and down in lit 
yellow flakes: when, if you pour this mixture into a funnel, lined yi 
cap-paper, the liquor that formerly filtred yellow, will now paſs cle. 
and leave its tinged parts behind in the filtre; into which fair water mi 
be ſo often poured, till the matter therein contain'd be dulcify*d ; that. 
till the water paſſes thro? it, as taſteleſs as when it was poured on. J 
if, without filtration, you would obtain the flakes of this vegetable |: 
pour a large quantity of fair water upon the decoction, after the afful: 
of the aluminous ſolution ; and you ſhall find the liquor to grow clear: 
and the lac to ſettle together at the bottom, or emerge to the top of ! 
water: tho', ſometimes, having not employ'd a ſufficient quantity of 
water, the lac has partly ſubſided, and partly emerged, leaving all 
liquor clear in the middle. But, to make this lac fit for uſe, it muſt, 
repeated affuſions of freſh water, be dulcify'd from the adhering ſalts, 
well as that ſeparated by the filtre; and be ſpread to dry leiſurely up 
Pieces of cloth, with brown paper, chalk, or bricks under them, to imb 
the moiſture, 
Alum, being a *Tis ſuppoſed, that the magiſtery of vegetables, obtain'd by this men 
1 conſiſts only of the more ſoluble and coloured parts of the reſpective pl: 
. - that affords it. But I muſt take the liberty to queſtion the ſuppoſitic 
when uſed for, according to my notion of ſalts, alum, tho? to ſenſe a homogene! 
a:4 precipi- body, ought not to be reckoned among true ſalts, but is to be look'd un 
| ir be, it- as a kind of magiſtery; ſince, as native vitriol contains both a ſaline f 
A ec hin ſtance, and a metal corroded and aſſociated with it; ſo alum, ( which 5 
near allied to vitriol, that, in ſome places of England, the ſame ſtones. 
ſometimes afford both) ſeems manifeſtly to contain a peculiar kind of 
ſpirit generated in the bowels of the earth, and a kind of ſtony matter © 
ſolved by it. In making our ordinary alum, *tis true, the workmen! 
the aſhes of a ſea-weed, vulgarly called kelp, and urine ; yet I am 
form'd, that here in England, there is, beſides the factitious alum, 4 
ther ſort made by nature, without the help of thoſe additions. No 
; conſidering this compoſition of alum, and that alkaline ſalts precip!” * 
what acid ones have diſſolved; I could not but ſuſpe& that the curd 
= . matter, call'd the magiſtery of vegetables, may have in it a conſider!) | 
proportion of a ſtony ſubſtance, precipitated out of the alum by the 
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upon Colours. 


wherein the vegetable had been boiled. And, to ſhew there is no Paysrcs. 
ry chatall the curdled ſubſtance muſt belong to the vegetable; I took LYWL 
dng ſolution of alum, and having filtred it ; by pouring in a conve- 
WE quantity of a ſtrong ſolution of pot-aſhes, I preſently turn'd the 


5 


* . 
8 1 


ure into a white curdled matter; which, committed to the filtre, left 
at quantity of a very white ſtony calx, that ſeem'd to be of a mineral 
re, as well from other ſigns, as that little bits of it being put upon a 


a 


coal, they did neither melt, nor fly away, whilſt that was blown up- 


and a quantity of this white ſubſtance, being for a long time kept in 


bot crucible, was neither diminiſhed nor ſpoiled : hot water too, 
ein I kept another parcel of ſuch calx, ſeem'd only to waſh away the 
alex ſalts from the ſtony ſubſtance. And I have, by gentle exhalation, 
red from the liquor that paſſed thro? the filtre, and left this calx be- 
a body, in appearance like falt ; for *twas very white, and conſiſted 
Wn umerableexceeding ſlender ſhining particles, which would, in part, 
melt at the flame of a candle, and, in part, fly away with ſome 
noiſe. I have likewiſe, with urinous ſalts, ſuch as the ſpirit of ſal- 
iac, as well as with the ſpirit of urine, and even with ſtale urine 
Walled, cafily precipitated ſuch a white calx out of a limpid folution of 
alu Upon the whole, circumſpection is required in judging of the na- 
ture of aluminous liquors by precipitation; otherwiſe, we may ſometimes 
imagine that to be precipitated out of a liquor by alum, which is rather 
pregamrated out of alum by the liquor. 
method of making lacs we have alſo practiſed with madder, which 
aus a red lac; and with rue, which afforded an extract nearly of 


3 


e colour with that of its leaves. Bur, becauſe *cis here, principally, 


the kaline ſalt of the pot-afhes, which enables the water ſo powerfully 
tract the tincture of the vegetables; I fear the decoction will not al- 
Wage of the very ſame colour with the vegetable it is made of- For 
bus ſalts, tho*, by penetrating and opening the bodies of vegetables, 
fepare and diſpofe them to part with their tincture readily ; yet they 
draw out ſome tinctures, but likewiſe alter them: as will eaſily 
from ſeveral of the experiments already delivered. And tho“ 
pe of an acid nature, and may, in ſome caſes, deſtroy the adventi- 
elours produced by the alkali, and reſtore the former; yet we have 
ed examples, that, in many caſes, an acid will not reſtore a vege- 
tablegubltance to the colour deſtroy'd by an alkaline ſalt; but make it 
Wye a third, very different from both. Beſides, I have, after this 
err, made magiſteries of brazil, of cochineal, and of other things, 


oellow, or green; that appeared, ſome of them, of a rich colour, 


3 : | 
Wthers of no bad one: in ſome, however, the colour of the lac ſeem'd 


both diffe- 
and much worſe. © nn Of 


Pr "tis time to conclude this sketch of a hiſtory of colours. 


I ſhall 
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'PHYSICS. 


Experiments and Obſervations 


I ſhall attempt to build no theory * upon the experiments and obſery, 
tions here delivered; but leave the ſubject to the proſecution of other 
I only make it my requeſt, that the reader would not preſently conclug, 
me miſtaken in giving the matters of fact concerning the changes 
colours ſet down, tho? he ſhould not immediately find them exactly agre, 
able to his own experiments. For, beſides the contingencies to which th, 
kind of trials is obnoxious, the omiſſion. or variatien of a ſeemingly h 
conſiderable circumſtance, may hinder the ſucceſs of an experimen 


From the diſcoveries of Sir 1/aar Ne- 
ton we may now ſettle the whole theory of 
colours ; which, as it regards natural bodies, 
is, in ſhort, this. 

Firſt, 'tis found by experience, that the 
rays of light are compoſed of diſſimilar par- 
ticles; that is, ſome of them are, probably, 
larger than others: as appears from their 
different refrangibility. 

2. Thoſe particles of light which are 
moſt refracted, make rays of a violet co- 
lour ; that is, the moſt minute particles of 
light, being thus. ſeparately collected, pro- 
bably excite the ſhorteſt vibrations in the 
Retina; which are thence propagated to 
the brain, along the ſolid Capillamenta of 


of a. violet colour, the moſt faint and lan- 
guid of all colours; whilſt the particles 
which. are leaſt refracted, make a red ray; 
that ig, the greateſt particles of light make 
the longeſt vibrations in the Retina; and ſo 


.excite the ſenſation of red, the moſt vivid 


colour: the other particles, according to 
their ſeveral intermediate degrees of mag- 
nitude and refrangibility, exciting the 
intermediate colours; almoſt in the ſame 
manner as the vibrations of the air, by 
their different magnitudes, cauſe different 


3. The colours of theſe rays are not ad- 
ventitious madltfications of them, but ori- 
gina], primitive, and neceſſary properties, 
depending, probably, upon the magnitudes 
of; their parts; and being conſtant and im- 


mutable, they are unalterable by any farther 


refraction, reflexion, or other modification 
whatever. | 

4. As light is ſeparated: into rays of dif- 
ferent colours by the refractions of a glaſs 
pains and other groſs bodies; ſo it is dif- 


erently ſeparable by very thin plates of 


any tranſparent matter: for all ſuch plates 
that have leſs than a determinate thiekneſs, 


ſuffer the rays of all colours to paſs th 
them, and reflect none: but as their thid 


neſs is increaſed in an arithmetical py 


1 133 they begin to reflet, firſt 1 
bl 


ue rays, then the green, yellow, and py 


red; next, the blue, green, yellow, » 
red, more dilute and mixed; till at len! 


at a certain thickneſs, they reflect all 
rays of light intimately united together, : 


they fall thereon; that is, white. But: 
+ Whatever parts theſe thin plates reflect u 


colour, as blue for inſtance, they there tra 


mit the contrary colour; as, in this caſe, 
red or yellow. 


5. Now all natural bodies conſiſt of vr 


| thin tranſparent plate:, which being ſol: 
the optic nerves, and there excite the ſenſe 


together, that no reflections or refractin 
can be made in their interſtices, the bs 


becomes tranſparent: but if the diſtan 
between them are ſo great, or fill'd 
- ſuch a matter, or are ſo empty of matt 


that many reflexions and refraCtions : 
made within the body, this body will be: 
pake. And, therefore, thoſe opake bod 
which conſiſt of the thinneſt plates, 


black;; thoſe which conſiſt either of d 
. thickeſt, or of ſuch as differ greatly in ti: 
* thickneſs from one another, whence con 


quently they become fit to reflect all: 
lours, are white: but ſuch as conſill 
plates of different intermediate thicknels 
are blue, green, yellow, or red; bei 
they ſeverally reffect the rays of thoſe coli 
more copioufly than the other rays, wi" 
they either in great meaſure ſtifle and? 
ſorb, or ſometimes tranſmit. And hen 


is, that ſome liquors appear red, or yell +» 


by reflected light, but blue by tranſmit 
light; and __ leaf-gold appears yellou 
the former, but green by the latter, & 
See Clark. Annotat. in Rohault. p. 194% 
& Newton. Optic. p. 320.323. © 


- bi paſſim. 


where! 


upon Colours, 


ly inform you of the weight of each ; and tho? you ſhould be preſent 
e kindling of the fire, and at the increaſing and remitting of it, 
ever the degree of heat is to be altered; and tho', in a word, you 


gad ſee every thing done ſo particularly, that you would ſcarce har- 
de leaſt doubt of your comprehending the whole art: yet if I ſhould - 


_ 


Nell you, that the veſſels, which immediately contain the tinging ingre- 


diet s, are to be made of, or lined with tin; you would never be able, 
due obſervance of all the other circumſtances, to bring the tincture 


pochineal to give a perfect ſcarlet. * 
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in no other fault has been committed. Thus in dying ſcarlet, tho! PRvsics. 
ſhould ſee every ingredient that is uſed about it; tho? I ſhould parti. 


A 


FREE INQGdU IRI 


Into the Vulgar 


NOTION 


OF 


NA F UR EA 


I. 


S the human ſoul is, itſelf, a true and poſitive Being, tis ap 
conceive all other things, as ſuch. But this propenſity, I: 
makes us think and ſpeak of chimerical things, and of ne 
tions or privations, as of true and poſitive Beings. 
We ſhould, therefore, be very careful of being inſenſibly miſ-led. 
ſuch an innate and unheeded temptation to error, as we bring into the wc 
with us. And, perhaps, among other particulars, in which this delu: 
propenſity of our minds has too great an influence; it may have imps 
on us, in the notion we uſually frame of nature. Now, this notion be 
the fruitful parent of others; and being ſo general in its applications,. 
important in its influence, we ought not over-eaſily to admit it: doubt 
it moſt highly deſerves to be warily examin'd, before it be through): . 
tertain'd. | 


The vulgar 10. I have ſometimes ſeriouſly queſtion'd, whether the vulgar notion of * by v. 
tion of nature, n 


proj ici ture, has not been both injurious to the glory of God, and a great if! 
Feli ; 


gion and diment to the ſolid and uſeful diſcovery of his works, res h: 
philoſophy, | 


A free Inquiry, &c. 


a, ir ſeems to detract from the honour of the great author and go- Pays1cs. 


co be met with in it, not to him, but to a certain nature, which 
lves do not well know what to make of. Tis true, many confeſs 
his nature is a thing of his eſtabliſhing, and ſubordinate to him; 
Who! they own it, when they are ask'd the queſtion, yet there are ſe- 
W who ſeldom or never regarded any higher cauſe. And whoever takes 
W of their way of aſcribing things to nature, may eaſily diſcern, that, 
ver their words ſometimes are, the agency of God is little in their 
ts. Doubtleſs, it ſhews the wiſdom of God, to have ſo fram'd 
things at firſt, that there can ſeldom or never need any extraordinary in- 
rexpaſition of his power; or the employing, from time to time, an in- 
t overſeer, to regulate, aſſiſt, and control the motions of matter. 
olle, by introducing the notion of the eternity of the world, in 
mi men's opinion, at leaſt, openly deny'd to God the production of it; 
andy aſcribing the admirable works of the divine Being, to what he calls 
nature, tacitly denies him the government thereof, 
my opinion hinders me not at all from acknowledging God to be the 
author” of the univerſe, and the continual preſerver and upholder of it 
(hie is much more than the peripatetic hypotheſis allows) for thoſe things 
{ whickihe ſchool-philoſophers aſcribe to the agency of nature, interpoſing 
„ upon gnergencies, I aſcribe to the wiſdom of God, in the firſt fabric of 
the erſe; which he ſo admirably contriv'd, that, if he but continue 
hig*@Winary and general concourſe, there will be no neceſſity of extraor- 
— dine interpoſitions : ſo that mere matter, particularly determin'd, ſhall, 
in ain conjunctures of circumſtances, do all that philoſophers aſcribe 
on n occaſions, to nature. 
notion is more reſpectful to a divine Being, than to imagine, as we 
s ap! common! y do, that he has appointed an intelligent and powerful agent, as 
„11 his e. gerent, continually to watch for the good of the univerſe in gene- 
* rak*and of the particular bodies that compoſe it; whilſt this Being ap- 
Peu ot to have the skill, or the power, to prevent ſuch irregularities as 
"I" prove deſtructive to multitudes of animals, and other noble crea- 
heun ps in plagues, Sc. and ſometimes prejudicial to greater portions of 
Jeſu theumwverſe, as in earth-quakes, Sc. | 
| A arther, whilſt men indulge themſelves ſo general and eaſy a way of 
wa ai difficulties, as to attribute them to nature; ſhame will not reduce 
— _ o a more induſtrious ſearch after the reaſons of things; nor curioſity 
cube reatly move them to it. Thus the cauſe of the aſcent of water in 
N and other phenomena of that kind, had never been known, if the 
8 s had acquieſced in that imaginary one, that the world was govern'd 
Vatchful Being, call'd nature, who abhors a Vacuum; and conſe- 
Vis always ready to do whatever is neceſſary to prevent it. 
the veneration men commonly have for what they call na- 
; has obſtructed and confined the empire of man over the inferior 
res. For many have look*d upon it as impoſſible to compaſs, and 
1 others, 


impo 


of the world; that men ſhould aſcribe moſt of the admirable 
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others, as impious to attempt, the removing thoſe boundaries which naty 
ſeems to have ſettled among her productions. And whillt they look upy 
her as ſuch a venerable thing, ſome make a ſcruple of conſcience to e 
deavour ſo to imitate any of her works, as to excel them. 

*T will here, I doubt not, be ſaid, that I contradict the ſenſe of the g 
nerality of mankind : I anſwer, that in philoſophical inquiries, we are ny 
ſo ſollicitous about what has been, or is believ'd, as what ought to be; a 
certainly the ſenſe of the generality of men, ought little to ſway us in ſon 
particular queſtions. But *tis no wonder men ſhould be generally prep 
ſeſs'd with ſuch a notion of nature, as I call in queſtion ; ſince educati; 
has imbued them with it from their infancy : and even in their matur: 
years, they find it taken for granted, and employed by the moſt learn: 
writers, and never hear it call'd in queſtion. Beſides, it exceeding 
complies with our innate propenſity, to think that we know more th: 
we do: to vouch nature for a cauſe, is an expedient, that can ſcarce} 
wanting ypon any occaſion, to be produced as a reaſon for any thing 
are 1gnorant of, 

But to talk of a thing as a real and poſitive Being, and attribute gr: 
matters to it, weighs but little with me, when I conſider, that, tho? forty 
be only a certain looſe and undetermin'd notion, which a modern metaph; 
fician would refer to the claſs of non- entities; yet not only the Gen 
made it a goddeſs, whom many of them ſeriouſly worſhipp'd, but emin: 
writers, both heathen and chriſtian, ancient and modern, and all fort; 
men, in their common diſcourſe, ſeriouſly talk of it, as of a kind of: 
tichriſt, that uſurped a great ſhare in the government of the world; 
aſcribe little leſs to it, than to nature. And to paſs over what poets, n 
raliſts, and divines tell us of the powers of ignorance and vice, which: 
but moral defects; the generality of mankind ſeriouſly attribute a gr 
and fatal dominion to death; which, tho? ſaid to do ſo many and ſi 
wonderful things, is neither a ſubſtance, nor a poſitive entity, but a m 
privation. As for revelation, it countenances no ſuch notion as that" 
garly receiv'd of nature: the word is not once mention'd in ſcripture; ! 
not by Moſes, in his account of the creation. And, indeed, till the Val 
were over-run, and corrupted by idolatrous nations, there was, for mi 
ages, a deep ſilence as to ſuch a Being. 

There are two things whereof I muſt advertiſe the reader, befor 
proceed farther. 


1. That when, in the preſent diſcourſe, I ſpeak of the opinions of / 
ſtotle, I mean thoſe that are by the generality of ſcholars taken for hi, il 
the Ariſtotelian and Peripatetic doctrines; by which, if he be miſ-repret® Þ 


ed, the blame ought to light upon his commentators, and followers. 
2. That here ſet aſide the conſideration of the rational ſoul or mind 


man, all other parts of the univerſe being, according to the receiv*d opin! 
the works of nature. 
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vulgar Motion of NATURE. 


conſidering perſon may well ſuſpect, that 
mperfect and confuſed notions concerning 
name to ſeveral things, and thoſe too ſuch, as have, ſome of them, 
little dependance on, or connexion with the others. Ariſtotle has a 
e chapter expreſly written to enumerate the various acceptations of the 
_—_ word ens, commonly render'd nature; of which, he there men- 
ax; and, in Engliſb, we have more ſignifications of that term. 
etimes, we uſe it, | | | = 
Por that author of nature, whom the ſchool-men call Natura natu- 


as when ' tis ſaid, that nature hath made man partly corporeal, and 


Wy immaterial. : HH | 
Sometimes we mean by the nature of a thing, the eſſence, or that 
me ſchool· men call the quiddity of a thing; that is, the attribute 
makes it what it is, whether the thing be corporeal, or not; as when 
tempt to define the nature of an angel, a triangle, or a fluid. 
Sometimes we confound that which a man has by nature, with whatac- 
to him by birth; as, when we ſay, that ſuch a man is noble by nature. 
Sometimes we take nature for an internal principle. of motion; as 
ve ſay, that a ſtone let fall in the air, is, by nature, carried towards 
theTentre of the earth; and, on the contrary, that fire, or flame, naturally 
mo upwards. | | e 
- Se S$ometimes we underſtand by nature, the eſtabliſh'd courſe of things; 
n we ſay, that nature makes the night ſucceed the day; or that na- 


ti th made reſpiration neceſſary to the life of men. 


Sometimes we take nature for an aggregate of powers belonging to 
. eſpecially a living one; as, when phyſicians ſay, that nature is 
„weak, or ſpent ; or that in ſuch or ſuch diſeaſes, nature left to her- 
11] perform the cure, | 
Sometimes we take nature for the univerſe, or ſyſtem of the corporeal 
ot God ; as when *tis ſaid of a phenix, or a chimera, that there is 
nome thing in nature. | 
sometimes, too, and that moſt commonly, we would expreſs by the 
nature, a ſemi-deity, or other ſtrange kind of Being; which is the 
-natan we here examine. 

. beſides theſe more abſolute acceptations of the word nature, it has. 
ſeveral others more relative. Nature is {et in oppoſition, or contradiſtin- 
ie to other things; as when a ſtone falls downwards, we ſay, it does it 


. by _ motion; but that if it be thrown upwards, its motion that way. 
4s vio ent. 


| So chymiſts diſtinguiſh vitriol into natural and factitious. In 
manner *tis ſaid, that water kept ſuſpended in a ſucking-pump, is not 
natural place, as that is, which ſtagnates in the well. We ſay, alſo 
wicked men are ſtill in the ſtate of nature; but the regenerate, in a 
of grace: that cures wrought by medicines, are natural operations; 
e miraculous ones, wrought by Chriſt and his apoſtles, ſuperna- 
Nor are theſe the only forms of ſpeech that might be alledg d, to 


1 Wfeſt the ambiguity of the word nature; tho ſome of theſe already 


mention'd, 
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en have generally had Paysrcs. 
ture; ſince they. apply . 


C10 


Paysrcs.i mention'd, ſhould be judged ſo near as to be co- incident. Among 7; 
X writers, the acceptations of the word nature are ſo many, that I rememby 


Means of a- 
voiding this 
ambiguity. 


quent uſe of that term, or forms of ſpeech whereof *tis a principal pu 
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one author reckons up no leſs than fourteen or fi fteen. Hence we ſee hy 
eaſy tis for the generality of men, without excepting thoſe who write, 
natural things, to impoſe upon others and themſelves, in the uſe of a wy 
ſaapt'to:be miſ-employ'td> : on ont of nee eee 
I have often look'd upon it as an unhappy thing, and prejudicial by 
to philoſophy and phy ſic, that the word nature hath been fo frequent} 
and yet ſo unskilfully employ*d, by all ſorts of men. For the very gie 
ambiguity of this term, and the promiſcuous uſe made of it, without ( 
ficiently attending to its different ſignifications, render many of thee 
preſſions wherein tis employ*d, either unintelligible, improper, or fil; 
I, therefore, heartily wiſh, that philoſophers, and other leading me 
would, by common: conſent, introduce ſome more ſignificant, and |; 
ambiguous terms and expreſſions, in the room of the licentious word; 
ture; and the forms of ſpeech that depend on it: or, at leaft, decline 
uſe of it, as much as convemiently they can; and where they think th: 
muſt employ it, declare in what clear and determinate ſenſe they uſt 
For unleſs ſome what of this kind be done, men will very hardly avoid b 
ing led into miſtakes, both of things, and of one another; whence ſu 
wranglings about words and names will be {till kept on foot, as are uſui 
managed with much heat, and little advantage. | 
But *tis far more difficult than any one, who hath not try'd, would in bl 
gine, to diſcourſe long of the corporeal works of God, and eſpecially; 
the operations and phenomena attributed to nature, and decline the: 


without frequent, and tedious circumlocutions. But to avoid, as much 
poſſible, this inconvenience; I ſhall hereafter call thoſe who maintain 
vulgar notion of nature Naturiſts: an appellation I rather chuſe than tha 
Naturaliſts, becauſe many, even of the learned among them, are not philo 
phers. This inconvenience might perhaps be a little farther remedied, | 
1. Inſtead of the word nature, taken for Natura naturans, we uſet 
term God, which ' tis put to ſignify. | 
2. If, inſtead of nature, uſed for that which makes a thing what it is," | 
employ the word effence; ſometimes alſo we may make uſe of the v? 
quiddity 3 which, tho? a barbarous term, is yet frequently employ'd, 4 
well underſtood in the ſchools; and tho? very comprehenſive, is free fu ne 
ambiguity. ah 00447 120 | 
3. If what is meant by the word nature, taken for what belongs u 
living creature at its nativity, or accrues to it by its birth, be expreli* mn 
ſometimes, by ſaying, that an animal is born ſo ; and, ſometimes, by i Wl 
ing, that a thing has been generated ſuch; and, ſometimes alſo, that? mal 
thus or thus qualified by its original temper and conſtitution. ri 
4. If, inſtead of the word nature, taken for an internal principle a b 
local motion; we ſay, ſometimes, that this or that body moves as it v ne 
or ſeems to move ſpontaneoufly, upwards, downwards, Sc. or that! ly 
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/ 

* 
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be into this or that motion, or determined to this or that action, by the Px vsres. 
ho: ourſe of particular cauſes. 3-427! * 11738 11909 yo. Davot Wane WS, 
tec If, inſtead of nature, uſed for the eſtabliſhed courſe of things corpo- 

* we ſubſtitute, what it denotes, the eſtabliſned order, or the ſettled 
ſe of things. 1 Joesi 21 & 1 Wh 25 Geng 
by 1, instead of nature, taken for an aggregate of the powers belong- 
n _ * body, we employ the conſtitution, temper, mechaniſm, or the 
g. plex of the eſſential properties or qualities; and, ſometimes, the con- 
_— , che ſtructure, or the texture of that body: and, ſpeaking of the 
ee Wc portions of the world, we may uſe the terms, fabric of the world, 
fa; ft ſtem of the univerſe, S Fre 0: 05s ING) ok obs 12 
W 2155 where men employ the word nature for the univerſe, or the ſy- 
d |: et the corporeal works of God; we uſe the word world, or uni- 
T_ and, inſtead of the phenomena of nature, ſubſtitute, the pheno- 
ne, _ of the univerſe, or of the world. | | 
ak And, laſtly, if, inſtead of uſing the word nature, taken for either 
ic. es, or a kind of ſemi- deity; we wholly reject, or very ſeldom em- 
dk 15 3 n e <2ng 
en I know, will have the nature of every thing, to be only the law Ves her the 
Iſl tha receives from the creator, and according to which it acts on all oc- 7!zre of 2 
K And, indeed, this opinion, tho' neither clear nor comprehen- thing be the 
* Y ems capable of a fair conſtruction. There is often ſome reſem- — _ 
ally tween the orderly and regular motions of inanimate Bodies, and ater.. ; 
ro ons of agents, that proceed conformably to laws. And I, ſome- 
| par | 32 not w ſpeak of the laws of motion and reſt, that God has 
3 „Large ings corporeal, and, now and then, to call them the 
aint | 2 
that 
5h1le: 
ied, | 
uſet 
it 15, 
he wr 2 
d, 2 
ee fi 
nos t0 ; ho Ea Now *tis intelligible,. that. God 
preſs ; ar. 4 3 MA na big 1 eee motions upon the parts of 
that“ oncourſe, maintain ince he ſhould, by his ordinary and ge- 

i tranſmit their nine * — 8 3 of mat- 
iciple © e Ageſtitute of und | - But 1 cannot conceive, how 
| of underſtanding and ſenſe, truly ſo call | 
it ver Ad determine irs own motions ; eſpeci Il ee e 
that 1 able to laws, z elpecially ſo, as to make them 


5 


vulgar Motian NATURE. 


tnat it has no knowledge of. And that inanimate 
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nition of na- 
ture obſcure 

and unſatisfa- 
ory. | 


Pavys1cs. bodies, how ſtrictly ſoever called natural, properly act by laws, cany 
W be proved by their acting ſometimes regularly, and, as men think,; 
order to determinate ends: ſince, in artificial things, we ſee many motiq, 
very orderly perform'd, and with a manifeſt tendency to particular 
deſign'd ends. Thus, in a watch, the motions of the ſpring, wheels, a; 
other parts, are ſo fitted and regulated, that the hand upon the dial-ply.. 

moves with great uniformity, and ſeems to moderate its motion,  , 

not to arrive at the points that denote the time of the day, either a miny 


Ariſtotle's defi- 


Jhall recite rather in Latin than Engliſb, becauſe tis very familiarly knon 


the whole world is but a ſyſtem of the works of nature; we might 

expect, that the definition of a thing, the moſt important in natural] 
loſophy, ſhould be clearly and accurately deliver'd ; yet, to me, this 

brated definition ſeems ſo dark, that I receiv'd no aſſiſtance from it, 


hope, that what, as to me, is not itſelf intelligible, ſhould make me: ap 
derſtand what is to be explained by it. And, conſulting ſome of Aris 


of them ſo puzzled with it, that their diſcourſes about it ſeem'd to tz 
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ſooner, or a minute later than it ſhould do. And when a man ſhoot; 
arrow at a mark, ſo as to hit it; tho? the arrow moves towards the maj; 
as it would, if it could, and did deſign to ſtrike it; yet none will { 
that this arrow moves by a law, but by an external impulſe. 

But, poſſibly, the definition of a philoſopher may exempt us from! 
perplexities, to which, by the ambiguous expreſſions of common write 
we are expoſed. I therefore conſidered, with more than ordinary att: 
tion, the famous definition of nature, that is left us by Ariſtotle ; whit 


among ſcholars in that language; and becauſe there is ſomewhat in 
that ſeems difficult to be, without circumlocution, render'd intelligib|; 


Engliſh: Natura (ſays he) eſt principium & cauſa motils & quietis ejus, in; 
ineſt, primo per ſe, & non ſecundum accidens. Now as, according to Arijii 


wards framing a clear and ſatisfactory notion of nature. For I dare: 


interpreters upon the ſenſe of this definition, I found the more confi: 


rather to free the definer from tautology and ſelf- contradiction, than 
manifeſt the definition itſelf to be good and inſtructive. And indeed, t 
the immoderate veneration they have for their maſter, engages them 
make the beſt they can of his definition, even when they cannot juſti! 
without ſtrain'd interpretations ; yet what every one ſeems to defen! 
groſs, almoſt every one of them cenſures in parcels; this man attach JD 
one part of the definition, and that another, with objections ſo weigi: Bs ( 
that if I had no other arguments to urge againſt it, I might borrow c' , 
from the commentators on it, to juſtify my diſlike thereof. ſpe 
Several things are commonly received as belonging to the idea of nut] rſe 
that are not manifeſtly or at all comprehended in this Aviſtotelian defini? ir 
which never declares whether the principle, or cauſe here mention* vu 
a ſubſtance, or an accident; and it a ſubſtance, whether corporeal ot! ioo 
material: nor is it clearly contain'd in this definition, that nature c no” 
all things moſt wiſcly, and ſtill acts by the ſhorteſt ways, without © ſ 8B 
miſſing of her end; and that ſhe watches againſt a Vacuum, for the ® n_ 
fare of the univerſe. | SEU 
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HE beſt way to diſcover the common opinion of nature, is, to con- prog . 
ſider what axioms paſs for current about her, what titles and epi ; 


are unanimouſly given her by philoſophers, other writers, and by __— 

1 enerality of men who have eccaſion to diſcourſe of her, and her 
ns. . 

auch axioms and epithets, che principal ſeem to be theſe. ; 
re is exceeding wiſe, and all her works are perform'd with underſtanding. 
u e dees nothing in vain. Nature never fails of her purpoſe. Nature al- 
9 7 does what is beſt. Nature always ads in the ſhorteſt manner, Nature 

ther too laviſh, nor too ſparing in neceſſary things. Nature always pre- 
Ib rhef. Nature cures ease. Nature always watches to preſerve the 
* ee. Nature dreads a Vacuum. 
tr m which particulars put together, it appears, that the vulgar no- 
0 f nature may be expreſſed by ſome ſuch deſcription as this. 
ure is a moſt wiſe being, that acts nothing in vain, never miſſes of 
_ hex ene, but always does what is beſt, and that by the moſt direct way, 
b ue employing any things ſuperfluous, nor being wanting in things 


i ne y; teaching and inclining every one of her works to preſerve it- 
das, in the human frame, ſhe cures diſeaſes ; ſo, in the world, 
r i conſervation of the univerſe, ſhe abhors a Vacuum; making parti» 
i! eul Nodies act contrary to their own inclinations and intereſts to pre- 


it,! 1 vere to propoſe a notion, as leſs unfit than any I have met with, to 4 new notion 


re che principal one of nature; with regard to which, many axioms 27 4/«re, be- 
mc! vreſſions, relating to that word, may be conveniently underſtood — 
I "HM firſt diſtinguiſh between the univerſal, and the 3 nature 50d. | 
ide: ales. And of univerſal nature, the notion I would offer, ſhould be 


ome bj g like this. Nature is the aggregate of the bodies that make up the 
s preſent ſtate, conſidered as a principle, by virtue whereof they act 
. according to the laws of motion, preſcribed by the author of things. 
| As makes way for the other ſubordinate notion; fince the particular 
uſtir r an individual conſiſts in the general nature, apply'd to a diſtinct 

N of the univerſe; or, ſuppoſing that placed as it is, in a world, 
tach, by God, like ours, it muſt be a convention of the mechanical pro- 
(uch as magnitude, figure, order, ſituation, and local motion) 
, convenient and ſufficient to conſtitute of, or entitle to its par- 
ſpecies or denominations, the particular body they make up; the 

ric of all theſe being conſidered as the principle of motion, reſt, and 
" #3 in that body. | | 
gr notion of nature, as it hashad, doubtleſs, may have an ill effect 1/! h of 
on. The looking upon merely corporeal, and often inanimate things, 4% 2%/gar no 
| Pd with life, ſenſe, and underſtanding ; and aſcribing to nature, { 2 


1. II. 


religion. 
* upon relig 
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Paysics. and ſome other Beings, things that belong to God alone, have been gray 
ca cauſes of the polytheiſm and idolatry of the Genliles. 

The moſt ancient idolatry, probably, was the worſhip of the ccleſti 
lights, eſpecially the ſun and moon; as appears both from ſacred and pr; 
fane hiſtory, The great Hippocrates attempts to account for the origin; 
the world from his immortal heat, which he eſteems as a deity. And 6. 
len himſelf, who was not unacquainted with Moſes's writings, and vi 
chriſtianity, fancy*'d the earth had a certain ſoul or mind imparted to 
by the ſuperior bodies. And an inquiſitive perſon, who, having liv'd n. 
ny years in China, and ſeveral of the neighbouring kingdoms, aſſured n; 
that, in a ſolemn conference he had with ſome of the more eminent doch 
of the Chineſe religion, they frankly profeſſed, ti believed the heaven 
bodies to be truly divine, and deſerving to be worſhipped, becauſe th 
imparted to men ſuch good things, as light, heat, rain, Sc. And i 
belief, they declared, they thought more rational than that of the En 
peans, who worſhip a deity, whoſe ſhape, colour, and motion, and wh 
efficacy on ſublunary things, were inviſible. 

Many of the ancient philoſophers held the world to be animated, « 
believed, that the mundane ſoul was not barely a living, but a moſt int 
ligent and wiſe active Being; the Stoics held the world to be an anim 
and the notion of the ſoul of the world, and of nature, ſeem ſo n 
allied, that ſome of the old ſages appear to have confounded them, ani 
have made no other univerſal nature, than the ſoul of the world. Hs 
ever, the great and pernicious errors they were led into, by believing! 
the univerſe itſelf, and many of its nobler parts, beſides men, were: 
dowed with life, underſtanding, and providence 3 may make us chriſt 
jealous of admitting ſuch a Being, as that which men venerate under! 
name of nature: ſince they aſcribe to it as many wonderful powers! 
prerogatives, as the idolaters did to their adored mundane ſoul. Tr 
alſo, ſactilegiouſly abuſed this Being, as well under the very name of 

ture, as under that of the ſoul of the world: ſometimes making i! 
fame with the world, at others the ſame with God; and Orpheus ii 
hymn addreſs'd to nature as a goddeſs. | „ al 

Ariſtotle, indeed, and his commentators, do not ſo directly idoliz!! 
ture, as did Orpheus ; yet, I doubt, they go further than they can jul! 

when they ſo freely and often aſſert many extraordinary things of her,” 
| ticularly when they call the works of God, the works of nature, and 
| tion him and her together, not as a creator and a creature, but as tw! 
.ordinate governors. 11 ao 
Thoſe who thought the ſun endowed, not only with a living ſoul, but RE 
underſtanding and a will, muſt, if they had duly conſider'd, have been ent 
more puzzled, to find food for ſo vaſt a body, and organs in him necell 
prepare and digeſt it, and to perform the other functions that belong io“ 
mal nutrition, than the philoſophers who maintain*d him to be fire. TI 
out proof prefumed and aſſerted, that the celeſtial bodies are endow'd ; 
underſtanding and prudence, eſpecially ſoas to be able to know the pry Inyo 
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titions and tranſactions of men, and hear and grant the prayers of their PRvsics. 
ippers. And the moon, which was anciently a principal deity, is ſo . 


and mountainous a body, that *tis a wonder ſpeculative men, who con- 
a how many, how various, and how noble functions belong to a ſen- 
ſoul, could think a maſs of matter, ſo very remote from being fitly 
niz'd, ſhould be animated and govern'd by a true, living and ſenſitive 


ndeed, theſe deifiers of the celeſtial globes, and the heathen difci- 


of Ariſtolle, beſides ſeveral of the ſame mind among the chriſtians, 
ao reat and lofty things of the quinteſſential nature of the heavenly bo- 
and their conſequent incorruptibility; of the regularity of their mo- 
and of their divine quality of light that makes them refulgent. 
oe perſuaſion they had of this quinteſſential nature of the ſuperior 
If the world, ſeems not grounded upon any ſolid phyſical reaſon, but 
in' by them for being agreeable to the opinion they had of the di- 
of the celeſtial bodies; of which, Ariſtotle himſelf ſpeaks in a way 

ath greatly contributed to ſuch an exceſſive veneration for thoſe bo- 


is neither agreeable to true philoſophy, nor true religion. He 


f takes notice, that the Pytbagoreans held our earth to be one of the 
; and that it moved about the ſun, which they placed in the middle 
| orld. And ſince this hypotheſis of the earth*s motion was inthe: 
reviv'd by Copernicus, not only Kepler, Galileo, and Gaſſendus, but 
ii f the eminent modern aſtronomers, have embraced it: which, in- 
far more agreeable to the phenomena, than the doctrine of Ariſtotle 
aas plainly miſtaken about the order and conſiſtence of the hea- 


o 


| — the ancient and generally received Piolemaic ſyſtem. Now, ſup- 


the terraqueous globe to be a planet; who can conſider it as a round 
very heterogeneous ſubſtances, whoſe ſurface is very rude and un- 
and its body opake, (unleſs as it happens to be enlightned by the 
on, and ſtars) and ſo very inorganical and unfit for ſo much as nu- 
| that it ſeems wholly unfit to be an animal, much leſs a rational 


nl aſcribe underſtanding and providence to it? The like may be 
8 che celeſtial bodies. 8 | 


or the boaſted immutability of the heavenly bodies; itmay bevery 
Ny calPd in queſtion from the phenomena of ſome of the comets, that 
A parallax-were found to be above the moon, and conſequently inithe- 
region of the world. But the incorruptibility and immutability 
e heavenly bodies are more diſproveable by the ſudden and irregular 


ion, changes, and deſtruction of the ſpots of the ſun; which ſome- 


mes: ſo ſuddenly diſappear, that in the year 1660, on May 8. having left, 
morning, a ſpot, whoſe motions we had long obſerv'd thro” an 


ent teleſcope, with an expectation that it would continue for many 
iſble to us; we were ſurpriz'd to find, that when we came to ob- 


it again in the evening, it was quite diſſipated: and b comparing it 


ſun, we eſt iĩmated the extent of its ſurface to be equal to that of all 
As to the conſtancy of the motions of the ſtars; if the earth, 
we know to be inanimate, is a planet, it moves as conſtantly and 


a Q 2 regu- 
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bout the earth. And ſuppoſing our globe was not a planet, yet the 


Reaſons a- 
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regularly about the ſun, as the other planets do, or as the moon doth, 


would manifeſtly be a conſtant regular motion of a great part of it: ſy, 
there is a regular ebbing and flowing twice a day, and ſpring-tides twic, 
month, of that vaſt aggregate of waters, the ocean; which perhaps isy 
inferior in bulk to the whole body of the moon. 


And laſtly, as a great proof of the divinity of the ſtars is drawn ſm 


their light; ſe, tho” I grant it to be the noble of ſenſible qualities, yy 
cannot think it a good proof of the divine nature of bodies endow'd t 
it. For tho* the Zabians and Chaldeans conſidered and adored the pla 
as the chief gods, our teleſcopes diſcover to us, that they ſhine but hy 
borrow'd light; ſo that Venus, as vivid as it appears to the naked eye, 
ſometimes horn'd like the moon. Thus alſo the earth, whether a planet 
no, is.enlighten'd by the ſun; and poſſibly, as a body forty times bigg 


communicates more light to the moon, than it receives from her; as ſe: 


probable from the light on the ſurface of the moon in ſome of her ec 
ſes. And tho? in the night, when the darkneſs hath widened the Pupile 
our eyes, and the moon ſhines with an unrival'd luſtre, ſhe ſeems exceed 
bright; yet ſhe may be, for ought I know, more opake than the ſolid j 
of the terreſtrial globe. For I have more than once obſerv'd a ſmall c 
in the weſt, where the moon then was, about ſun-ſet ; and compar: 
them together, the cloud reflected the light as ſtrongly to my eye, as! 
the moon, that ſeem'd to be not far from it; both of them appearing|i 
little whitiſh clouds: tho? afterwards, as the ſun deſcended lower ber: 
the horizon, the moon grew more luminous. And, ſpeaking of light 
definitely, *tis ſo far from arguing a divine nature in the bodies endoi 
with it, (whether, as the planets, by participation from an external illi 


nant; or, as the ſun, from an internal principle) that a calcined ſto « 


witneſs that of Bolonia, will afford, in proportion to its bulk, incom 
rably more borrow'd light than one of the planets. And a light, f. 
internal conſtitution, may be found, not only in ſuch abje& creature 
inſets, whether winged, as the Cucupias of Hiſpaniola, or creeping, 
the glow-worm ; but alſo in bodies inanimate, and corrupted ; as int 
ten wood, putrefy*d fiſh, c. 


The reaſons that have made me backward to entertain ſuch a notion 


gainft admit- nature, as I have hitherto diſcourſed of, may be comprized under thet 
ting the vulgar lowing. 


notion of na- 
ture. 


1. Such a nature ſeems to be either aſſerted, or aſſumed, without! 
_ ficient proof; and this ſingle reaſon, if well made out, is alone ſuffc“ 


to diſcredit it. For, in matters of philoſophy, where we ought r 5 


take any thing upon truſt, or allow it without proof; *tis enough to l. : : | 


us from believing a thing, that we have no poſitive argument to induct 
to aſſent to it, tho* we have no particular arguments againſt it. No- 


have yet met with no phyſical arguments, either demonſtrative, or 
ſiderably probable, to evince the exiſtence of the nature we examine; #** 


ſurely, ſo univerſal an agent, ſuppoſed to act immediately, in abunds 
| l 
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* enomena, ſhould, if it really exiſted, give ſome manifeſt proofs of 


ther 
ſn uch a nature is unneceſſary. For, ſince a great part of the work of 
ic: philoſophers has been to reduce the principles of things to the ſmalleſt 
IS err they can, without making them inſufficient z why ſhould we take 
A principle, of which we have np need? Suppoſing the common mat- 
frn r all bodies to have been at firſt divided into innumerable minute 
yi: vy the wiſe author of things, and theſe parts to have been ſo diſ- 
IW youu. as to form the world as it now is; and, ſuppoſing the univerſal laws 
lane tion, among the parts of matter, to have been eſtabliſh'd, and ſeveral 
thy tions of particles contrived into the ſeminal principles of various 
Ye, all which may be effected by the mere motion of matter, skilfully 
net! at the beginning of the world: ſuppoſing all this, together with 
Nets ordinary and general concourſe, which we very reaſonably may; I 
ſer . why the ſame phenomena, that we now obſerve in the world, 
ec; not be produc'd, without taking in any ſuch powerful and intelligent 
pile Ws diſtin&t from God, as nature is repreſented to be. And, till ſome 


| will genuinely follow from the mere fabric and conſtitution of 
Ich ad. Thus, ſuppoſing the ſun and moon to have been put, at firſt, 
part inte d motions about the earth, as experience ſhews they have; the de- 
tei ee celerity of theſe motions, and the lines wherein they are perform- 
make it neceſſary, that the moon ſhould exhibit ſuch ſeveral phaſes 
month ſhe doth ; and that at ſome times ſhe and the ſun ſhould 
Ftrine, or a quartile aſpect, &c. and that now one, and now the o- 
them, ſhould, at ſet times, ſuffer an eclipſe: tho* theſe eclipſes 
ill Wy the Romans, and others of old, and are by many unlearn'd nati- 
de his day, look'd upon as ſupernatural things. And, indeed, the 
com Wy we find to conceive how fo great a fabric as the world can be 
; in order, and kept from falling again to a chaos, ſeems to ariſe 
Voce, that men do not ſufficiently conſider the unſearchable wiſdom 
divine architect, whoſe piercing eyes were able to look at once quite 
s int e univerſe, and take into his view, both the beginning and end of 
ſo that, perfectly knowing what would be the conſequences of all 
Ivf the ble conjunctures of circumſtances, into which matter, divided and 
0 Waccording to particular laws, could, in an engine ſo conſtituted as 
the ent wor Id is, happen to be put; there can nothing fall out, unleſs 
miracle is wrought, that ſhall be able to alter the courſe of things, 


ee! mere. is produc'd to the contrary, I ſhall think that the phenomena we 
id Pp: 3 | 
the 


10Ut k © | . Ne 

ſuffcr Ws udice the conſtitution of them, any further than he from the begin- 
_ Preſaw, and allow'd. 

"10 kr be nature I queſtion, is fo dark and odd a thing, that 'tis hard to 


ade: hat tomakebf it; being ſcarce intelligibly propos'd by thoſe who 
nd = moſt ſtreſs upon it. For it appears _ A, wheels they will 
. to be a corporeal, or an immaterial ſubſtance z or ſome ſuch thing, 
ne; fe 2 1 * to be betwixt both; ſuch as many Peripatetics repreſent 

* orms, and what they call real qualities, which ſeveral ſchool - 


_— 
1 
"= 
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Physics. men hold to be ſeparable from all matter whatfoever. If it be mers, 
A corporeal, I confeſs, I underſtand not, how it can be ſo wiſe an agent: 


they would have it paſs for: if it be a body, I, would gladly know wh 
kind of body it is; and how, ſince, among bodies, there can be no pe 
netration of dimenſions, this ſo intimately pervades, as they pretend, ;j 
the other bodies of the world? If it be ſaid, that nature is a Semi. ſubſſa 


tia, as ſome modern ſchool- men call ſabſtantial forms, and real qualitis 


I anſwer, that I acknowledge no ſuch chymerical and unintelligible} 
ings. It remains therefore, that this nature we ſpeak of, if poſitive, is 
immaterial ſubſtance. But, to have recourſe to ſuch an one, as a phyli 
agent, and the grand author of the motion of bodies; and that, eſpecial 
in ſuch familiar phenomena, as the aſcent of water in pumps, the ſuſp 
ſion of it in watering- pots, the running of it thro? ſyphons, Sc. 1 
— to aſſign the cauſe hereof, will, I think, prove exceeding d 
cult. nher 


4. Since many naturaliſts are chriſtians, it may not be improper to a * 


that another thing, for which I diſlike the vulgar notion of nature, is, 
being dangerous to religion, in general, and, conſequently, to the chriſt; 

For this erroneous conceit defrauds the true God of ſeveral acts of ve 
ration, and gratitude, that are due to him from men, upon account of 
viſible world; and diverts them to that imaginary being they call natu 
which has no title to them: for, whilſt nature is ſuppos'd to be an inte 
gent thing, that wiſely and kindly adminiſters all that is done among“ 
dies, *tis no wonder that the generality of men ſhould admire and pri 
ber, for the wonderful and uſeful things they obſenve in the world. A 
in effect, tho? nature, in our preſent ſenſe of the word, be never found 
the ſacred writings; yet nothing is more frequently met with in the boi 


of philoſophers, than nature and her effects. And, whatever has b: th e 


ſajd by ſome in excuſe of Ariſto/le, yet the generality. of the Peri paiii 
from whom the vulgar notion of nature is chiefly. received, make! 
world eternal; and refer all the tranſactions among the bodies it contai 
to what they call nature. Whence *twill not be difficult to perceive, ti 


if they do not quite exclude God; yet, as they leave him no intereſt in! 


firſt formation of the univerſe, ſo they leave him but very little in the! 
miniſtration, of the parts it conſiſts of, eſpecially in ſuch as are ſublun! 
Inſtead, therefore, of the true God, they have ſubſtituted, for us, ak 
of a goddeſs, with the title of nature; upon whom they look as the! 
mediate agent and director in all excellent productions, and aſcribe to 
the praiſe and glory of them. | 


This great error, in a point of ſuch importance, ſeems to undermine) | 


foundation of religion. For ſince the moſt general and effectual argue 
which has perſuaded men that there is a God and a providence, is affors 
hy the conſideration of the viſible world, wherein ſo many operations" 
other things are-obſerv*d to be managed with ſuch conduct and benign! 
as cannot juſtly be aſcribed but to the wiſdom and goodneſs of a dei 


they who aſcribe theſe things to mere nature, much weaken the 1 ys 


rs breadth longer than ze inches 
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af at argument, if they do not quite take away the neceſſity of ac. Pnys1 . 
e edge a deity ; by ſhewing, that, without having recourſe to him, WAR 


ccount may be given of the adminiſtration of the world, and of what 
Werform'd among things corporeal. Indeed, when men are put — 
Widcring the matter, and preſs'd to declare themſelves more clearly; 
car to affirm, that God and natute are the ſame thing, and will con- 
chat ſhe is but his vieegerent; yet, in practice, their admiration, 
MW chcir praiſes, are frequently given to nature, not to Gd. 
A ſhort, as nature is fo frequently recurr'd to, and ſo magnify'd in the 
Wings of philoſophers, that the exceſſive veneration men have for her, 
d ſome (as the Epicureans) to deny God; fo, tis to be fear'd, that 
kes many forget him. And, perhaps, a ſuſpicious perſon would 
2 were it not for other principles, this erroneous idea of nature 

Wa, too often, havela ſtrong tendency to ſhake," if not to ſübvert, the 
ooundations of all religion; by miſleading thoſe who are inclmed to 


enemies, from overlooking the neceſſity of a God, to the denial of 


kSEiſtence. 5 eds 1 
bere are many phenomena, which do not agree with that fiotion 
eſentation of nature, I call into queſtion. For, if there were ſuch 
ligent, powerful, and vigilant being, as philoſophers deſcribe na- 
tun ve, ſeveral things would not be done, which experience affüres us 
are de 7 lde u me 1 Dion wolln 0 OTH 171 f 
great vigilance of nature, for the common good of the univerſe, 
ended to be demonſtrated from the care the takes to prevent; or re- 
a Vacuum; which would be very prejudicial to'the fabric of the 
Is alledged, that nature, in pumps, and the like cafes, raiſes 
Navy body of water, in ſpight of its tendency towards the centre of 
ch, to obviate, or fill —— vacuity 3 and that out of a gardener's 
pot, or an inverted tube, ſtopped at one end, neither Water, nor 
ver will fall down, Jeſt it ſhould' leave a Vacuum behind it: but I 
how it comes to paſs, xhat if a glafs· tube be but a foot log 
or 35; feet; brian inyerted* tue fil d with quick filverg but 
T's. breadt the water in the ont, and 
ick - ſilver in the. other, will ſubſide 18. it poſſible, that nature, 
in pumps, ig ſaid to raiſe up every day ſd many hundred ton 
and, it we betieve the ſchools, would-raiſe it to any Height'? 
nat haus che diſcretion, or the power; to lift up, of ſuffäin, 
vater as would ferve to fill one foot! in a glaſs tube, or as much 
ber as an inch of a ſlender pipe will contain 3 to ohviäte, or re- 
the Vacuum, ſhe is ſaid to abhor ? Sure, at this rate, ſhæ muſt 
0g have very little power, or very little knowledge of the power ſhe 
Pe, likewiſe, when a glaſs bubble is blown very thin at the flame 
=p, and hermetically ſeal'd whilſt *tis very hot, the reaſbn affignꝰd 
42 being apt to break, When it. grows cold, is! that the in ward air, 
was before rarify'd by. the heat, coming to be: condenſed-by the 
leſt the ſpace deſerted by the air, that thus contracts itſelf, ſhould 
| be 


the 
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Pn vsIcs. be left void, nature, with violence, breaks the glaſs; but if the gh h 
A blown a little ſtronger than ordinary, tho? at the flame of a lamp, ch 
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bubble, as I have often try*d, will continue unbroken, in ſpight of 1, 
ture's abhorrence of a Vacuum. But if, tho' nature did not hinder t 
water, or the quick ſilver, from falling down, there would no ſuch Vacun 
enſue as ſhe is ſaid to abhor; why does ſhe ſeem ſo ſollicitous to hinder i 
why keep three or four and thirty feet of water, in perpendicular heigh, 
contrary to the nature of all heavy bodies, ſuſpended in the tube; 2 
why ſo furiouſly break to pieces a thin ſeal'd bubble, to hinder a Vacun 
if, in caſe ſhe did not break it, no Vacuum would enſue ? On the oth: 
ſide, if we admit her endeavours, to hinder a Vacuum, not to have be 
ſuperfluous, we muſt confeſs, that, where theſe endeavours ſucceed ny 
there is really produced ſuch a Vacuum, as ſhe is ſaid to abhor : ſo thi 
either ſhe muſt be very indiſcreet to trouble herſelf, and tranſgreſs | 
own ordinary laws, to prevent a danger ſhe need not fear; or elſe | 
ſtrength muſt be very ſmall, that is not able to fall a ſmall vacuity, or; 
break a little glaſs-bubble. 
Another grand inſtance given of the wiſdom of nature, and her wat: 
fulneſs for the good of the whole world, is, the appetite ſhe has implant 
in all heavy bodies, to deſcend to the centre of the earth, and in all lg 
ones, to aſcend. But, for poſitive levity, till I ſee it better prov'd than 
hath hitherto been, I allow no ſuch thing implanted in ſublunary bodie, 
A ball being let fall upon the ground, will rebound, perhaps, ſev: ane 
times before it reſts. If you ask why the ball being dropt out of the hu hi 
does not move on this or that fide, or upwards, but fall directly tow wa 
the centre of the earth, in that ſhorteſt line, the diameter of the earth p n 
duced to the centre of gravity of the ball? *Twill be readily anſwer 
that this proceeds from the ball's gravity, an innate appetite, whereby 
tends to the centre of the earth the neareſt way. But then I demar 
whence comes this rebound, this motion upwards? for, tis plainly: 8; 
enuine conſequence of the motion downwards, and is, therefore, incres e 
that motion in the ball was increas d, by falling from a greater heit haves 


back from the place ſhe intended it ſhould go to. As if nature could! 
manage a ball without letting it be hurried on with far greater viola 
than her deſign requir'd it. nh 

The ſame may be ſaid of a pendulum: for, ſince tis unanimouſly! 
firm'd, that this falls to the perpendicular, upon account of its gravity, 
certainly a motion proceeding from the ſame gravity, that the ſus 
ihg weight paſſes beyond the perpendicular, conſequently aſcends, 2 
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mn makes a multitude of vibrations; and, therefore, very frequently Pan ysrcs. 
Wnds, before it comes to reſt in the perpendicular. 


os fatal accident, is probably, the irritation made, by the ſtay of ſo un- 
=! a thing in the throat; whence ariſe very violent and diſorderly mo- 
Ws to expel it, in the organs of reſpiration 3 by which means, the conti- 


„circulation of the blood, neceſſary to life, is hinder'd, the conſequence 
i reof is ſpeedy death. But this agrees very ill with the vulgar ſuppoſi- 
+ of ſuch a kind and provident Being, as nature, who is repreſented as 


Ways at hand to preſerve the life of animals, and ſuccour them in their 
® aangecrs and diſtreſſes: for ſince a hair is ſo ſlender a body, that it cannot 
che throat, ſo as to hinder, either the free paſſage of aliment into the 
cb, or that of air to or from the lungs; were it not much better for 
le e, do let the hair ſtay there, *till the juices of the body have reſolv*d 


k nſum'd it, or ſome favourable accident remov'd it, than like a paſ- 
1 ee and tranſported thing, oppoſe it with ſuch blind violence, that in- 
of ejecting the hair, ſhe expels the life of the perſon? 
it: mY the care and wiſdom of nature will be reconcil'd to ſo improper 
mt e orderly a procedure, I leave her admirers to conſider. But it will 
ig very reconcileable to providence: for, in regard of the uſe and ne- 
n' of deglutition, and, in many caſes of coughing and vomiting, it 
ic the general, moſt convenient, that the parts ſubſervient to theſe mo- 


e mould be irritated by the ſudden ſenſe of things that are unuſual, 
uw, perhaps, they would not be otherwiſe dangerous or offenſive ; be- 
"= Sit was fit that the providence of God ſhould, in providing for the 


17 of animals, have more regard to that which uſually and regularly 
vet zi them, than to extraordinary caſes, or unfrequent accidents 3 and 
eby Ke conſiderations will ſufficiently keep the divine providence from ap- 
mar PRs to act irrationally or injuriouſly in other caſes. 


ly: 15 as been frequently obſerv'd, that pregnant women have been made 
crev ke rarry by the ſmell of an eftinguiſh'd candle, which would before 


ein F ndeed diſpleas'd, but not endanger'd the ſame perſons: ſo that na- 
, in iin theſe caſes, ſeems very far from being ſo prudent and careful as 
1 tio ſually fancy her, ſince by an odour ſhe is put into ſuch unruly tranſ- 
ar. and inſtead of watching for the welfare of the woman, whoſe con- 


oveeded an extraordinary meaſure of her care and tenderneſs, ſhe 


violently precipitates her charge into a danger, that often proves fatal, not 
. 1 the mother, but alſo to the child. 
How 


| BD A 3 . 
ui! the groſs aberrations of nature, in the productions of monſters, 


eree with that great uniformity, and excellent skill, aſcribed to her in 
productions, I leave the naturiſts to conſider. Some of them, I 

lay the fault upon the ſtubbornneſs of the matter, that would not o- 
he plaſtic power of nature; but tis ſtrange it ſnould be pretended, 
ture, which they make a kind of ſemi-deity, cannot mould and faſhion 
* II, ſoft, and tractable a portion of matter,as that wherein the firſt mo- 

d efformation of the embryo . made; when, at the ſame time, they 


DL, II, tell 
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Paysrcs, tell us, ſhe is able, in ſucking- pumps, to raiſe and ſuſtain whole tons 
u Water, to prevent a Vacuum; and can toſs up into the air? houſes, wal, 
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caſtles, and the rocks they are built on, to let kindled gun-powder hay 
the expanſion its new ſtate requires. 
It may be ſaid, that unleſs we admit ſuch a Being as nature, to contri 
and manage corporeal things, and, in a regular, and methodical way, dire 
them to their reſpective ends, there will appear no viſible footſteps or pry 
of a divine wiſdom in the world. This argument, I confeſs, is ſo ſpeciou 
that it made me long heſitate what to think of the receivꝰd notion of 1 
ture. But having further conſider'd the matter, I ſaw it might be a 
ſwer' d, that the curious contrivance of the unwerſe,. and many of 
parts, and the orderly courſe of things, with a manifeſt rendency tod 
terminate ends, are matters of fact, and depend not upon the ſuppoſition; 
ſuch a Being as they call nature; but, ſetting aſide this or that hy pothei 
may be known by inſpection, if thoſe who make it be attentive and h 
partial. Thus when a man ſees a human body skilfully diſſected, he © 
not, if he be intelligent and unprejudic'd, but acknowledge; that there: 
a moſt curious and exquiſite contrivance in that incomparable engine, 2 
in the various parts of it, which are admirably fitted for diſt inct and der 
minate uſes. So that I cannot ſuppreſs the manifeſt tokens of wiſdomæ 
deſign, that are to be obſerved in the wonderful conſtruction and ord! 
operations of the world and its parts; but endeavour to refer. theſe indi 
tions of wiſdom to the true and proper cauſe. And, as in the hypotht 
of the objectors, there may be three cauſes aſſign'd of theſe foot-ſtepi 
wiſdom, God, Nature and Chance; if, according to our doctrine, Natur 
laid aſide, the competition will remain only between God and Chance: n 
fure he muſt be very dull, or very ſtrongly prejudic'd, who ſhall think 
reaſonable to attribute ſuch admirable contrivances, and ſuch regular e- 
ducts, as are obſervable in the corporeal world, rather to chance (v 
is no proper cauſe at all) than to a mpft intelligent Being, from which! 
moſt curious productions may well be expected. But if ſuch a celebrit 
thing, as nature is commonly thought, be admitted, *twill not be near 
eaſy to prove the wiſdom of God by his works, fince theſe may have n 
ther cauſe; that moſt watchful and provident Being, which men call natu 
And this will be more particularly difficult in the Peripatetic hy potheſisoſt 
eternity of the world: for, according thereto, there appears no neceſſity, l 
God ſhould have any thing to do with it, ſince he did not make this Autom! 
but it was always ſelf-exiſtent, not only as to matter, but as to form td 
and as for the government or adminiſtration of the bodies it conſiſts of, i 
is the proper buſineſs of nature, If it be objected, that this Being is by! 
aſſertors acknowledg'd to be ſubordinate to God; I anſwer, that, 
may juſtly be queſtion'd, whether many philoſophers, and, perhaps, fi 
ſects of them, who are adorers of nature, confeſs'd her to be but the 
ſtitute of a ſuperior and divine Being: ſo, this diſtinction and ſubord# 
tion is not eaſy to be prov'd againſt thoſe that fide with the other 8 ki 


cient philoſophers, who either acknowledg'd no ſuch thing, or 1 
en 


XX. Oneof the moſt obvious may be taken from the general belief, or, 
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d it. Beſides, this objection ſuppoſes the exiſtence and ſuperiority of Px ysics. 
iy, which therefore needs to be prov'd by other ways; whereas, on | 
bypotheſis, the ſame phenomena that diſcover admirable wifdom, 
manifeſt deſigns in the corporeal world, of themſelves afford a ſolid 

ment, both of the exiſtence, and of ſome of the grand attributes of 


. with which the reſt, that properly belong to him, have a neceſſary 
——ncxion. 
ye reaſons which I conceive may have induced — 0 to take up, The re9/on: 


* rely on the receiv'd notion of nature, are ſuch as theſe. zohereon the 
vulgar notion 


of nature 


en ſuppoſe, obſervation, that ſeveral bodies, as particularly the earth, ,z,z2; ex- 
ker, and other elements, have each of them its natural place aſſign'd it amined. 
mathe univerſe ; from which place, if any portion of theelement, or a mix'd 
wherein that element predominates, happens to be remov'd, it has a 

L inceſſant appetite to return to it; becauſe, when there, it ceaſes to 
riate, and is then in a place which nature has qualified to preſerve it. 


, | readily grant, that there being ſuch a quantity of very bulky 


bodies in the world, *twas neceſſary they ſhould have places adequate to 
themibigneſs ; and *twas thought fit by the wiſe architect of the univerſe, 
thatthey ſhould not be all blended together, but that a great portion of 
eng ould, at the beginning of things, be diſpos'd of and lodg'd in a di- 
ind convenient place. But I ſee no neceſſity of granting what is aſ- 
in the argument: for inanimate bodies having no ſenſe or percep- 
ti it muſt be all one to them in what place they are; becauſe they cannot 
cern'd to be in one place rather than in another, ſince ſuch a prefe- 
dae require a knowledge that inanimate things have not. And, 

e ſame reaſon, a portion of an element, remov*d by force or chance, 

=_ they call its proper place, can have no real appetite to return 

: for, who tells it that *ris an undue place, and that it may better 
Noe ition by removing into another? And, who informs it, whether 
that lace lies on this fade of it, or on that, above it, or beneath it? Some 

phers, indeed, have been aware of the weakneſs of the argument, 

from che vulgar inſtance of terreſtrial bodies; which being let fall from 
eence, or thrown into the air, fall of themſelves, in a direct line, to- 
oe centre of the earth; and therefore they have ſtrengthen'd it, by 
Ping, that theſe bodies have not (as the ancients pretended) an ap- 
o deſcend to the centre of the earth, but to the great maſs of their 
commural bodies. I will not, therefore, accuſe theſe philoſophers, of the 
mennſiderate opinion of their predeceſſors, who would have nature'make 
r things affect to lodge themſelves in the center of the earth, which 

eld — a Point, cannot contain any one of them; yet the hypotheſis of 
* iable to other weighty objections. 

= firſt, it is not conceivable, how an inanimate body ſhould have an 
ee to re: unite with homogeneous bodies, whoſe ſituation, and diſtance 


nown to it. 


R 2 (2.) It 
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Paysrcs. (2.) It does not appear that all bodies have ſuch an appetite, as is pre 
ſum' d, of joining themſelves to greater maſſes of connatural bodies. If yy, 
ile the end of an ingot of ſilver or of gold, the filings will not ſtick to they 
own maſs, placed ever ſo near, or made to touch them, much leſs will the 
leap to it, when *tis at a diſtance from them. The like may be ſaid of ;, 
mot all the conſiſtent bodies we are acquainted with, except the load-ſtgy 

and iron, and bodies that participate of one or the other of them. 

(3.) *Tis obvious, that what makes terreftrial matter fall thro? the air; 
the earth, is ſome general agent, which, according to the wiſe diſpoſitiy 
of the author of the univerſe, determines the motion of thoſe bodies: 
call heavy, by the ſhorteſt ways permitted them, towards the central pu 
of the terraqueous globe; whether the body, put in motion downwark 
be of the ſame, a like, or a quite different nature, from the greater mi 
of matter, to which, when tis aſſociated, it reſts. If, from the ſide; 
a ſhip, you let fall a chip of wood, when your arm is ſo ſtretch'd oy 
that the perpendicular, or ſhorteſt line, between that and the water, |; 
ever ſo little without the ſhip; that chip will fall into the ſea, which 
fluid body, and quite of another nature than itſelf, rather than ſwerve; 
the leaſt from its line of direction, to rejoin itſelf to the great bulk; 
wood, whereof the ſhip conſiſts. On the other ſide, if a man, flandy 
upon the ſhore juſt by the ſea, ſhall pour out a glaſs of water, holding: 
glaſs juſt over his feet; that water will fall into the ſand, where *twil!! 
immediately ſoaked up, and diſperſed, rather than deviate a little, toi 
itſelf to ſo great a maſs of connatural body, as is the ocean. 
To the general belief, uſually made part of the preceding argume 
that water does not gravitate in water, its own natural place; I reply, 
water does gravitate in water, as well as out of it, and I elſewhere prove. 

2. Another argument, in favour of the receiv*d opinion of nature, n 
be drawn from the ſtrong appetite that bodies have to recover their ul: 
ſtate, when, by any means, they are put out of it, and thereby forc'd i 
a ſtate that is called preternatural; as air, violently compreſſed in a blo 
bladder, will, as ſoon as the force is remov'd, return to its firſt dim: 
ſions: as the blade of a ſword bent, reftores itſelf by its innate power, 
ſoon as the force ceaſes; and as water, made hot by the fire, haſtens, v. 
tis removed thence, to recover its former coldneſs. vis 

But this argument, is grounded on the affections of inanimate boi 
and ſince an inanimate portion of matter is confeſſedly deſtitute of kno 
ledge and ſenſe ; it is uncapable of concern to be in one ſtate, or conlit 
tion, rather than another; for," it has no knowledge of that wherein | 
at preſent, nor remembrance of that from which it was forc'd; and, © 


ſequently, no appetite to forſake the former, and return to the latter! ES 
every inanimate body, being, of itſelf, indifferent to all places and ſi" ec 
continues in that place, or ſtate, to which the action and reſiſtance of“ e, 
bodies, and eſpecially contiguous ones, effectually determine it. _ 


a | And, before it be aſſerted, that water heated, returns, of itfelt, * ut 
| its natural coldneſs; it were fit, that the aſſertors ſhould deter” ne are 
| | i 


2 
I u, 
A; 


plate to its ſtraitneſs, when it is bent this way, or that way, before 


nx 
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termine, what degree of coldneſs is natural to water, ſince this liquor 


tually varies its temperature, as to cold and heat, according to that 


e contiguous, or neighbouring bodies, eſpecially the air. And there- 
the water of an unſnhaded pond, for inſtance, tho” it reſts in its pro- 
nd natural place, as they ſpeak ; yet, in autumn, if the weather be 
che temper of it will much vary in the compaſs of the ſame day; 
ee liquor be much hotter at noon, than early in the morning, or at 
aezht; tho? this great diverſity be the effect only of a natural agent, 


"Her, acting according to its regular courſe. And, in the depth of 


winter, tis generally confeſſed, that water is much colder than in the heat 
mer; which ſeems to be the reaſon of what is obſerv'd by water- 


that, on rivers, boats-equally laden, will not ſink ſo deep in winter 
4 8 


ummer; the cold condenſing the water, and, conſequently, making 
rißcally heavier in the former ſeaſon than in the latter, | 
to the motion of reſtitution, obſervable upon the removal, or ceaſing; 
ofthe force in air violently compreſſed, and in the blade of a ſword, for- 
bent ; I confeſs, it ſeems to me very difficult to aſſign the true me- 
chanieal cauſe of it: yet, I think it far more likely, that the cauſe ſhould 
be mechanical, than that the effect proceeds from ſuch a watchfulneſs of 
as is pretended, For I queſtion whether we have any air here be- 
Pat is in other than a violent ſtate ; the lower parts of our atmoſphere 
ronſtantly compreſſed by the weight of the upper. 


Vong narrew plate of filver, that has not been hammer*d, compreſſed; 
onde red-hot in the fire, and ſufferꝰd to cool leiſurely, may be bent any 


and will conſtantly retain the laſt curve figure, that you gave it. 
. having again ſtraiten'd this plate, you give it a few ſmart ſtrokes 
ag hammer, it will, by that mere mechanical change, become a ſpringy 

The like may be obſerv'd in copper, but not ſo remarkably, and 
at all, in lead. From theſe phenomena, I demand why, if nature 
Hareful to reſtore bodies to their former ſtate, ſhe does not reſtore the 


hammer'd? and why a few ſtrokes of a hammer ſhould entitle the 
nature's peculiar care, and make her ſollicitous to reſtore ity when 
And why, if the: ſpringy plate be again heated: and cooled of itz 


gature abandons her former care, and ſuffers it quietly to continue in 
crrooked poſture one pleaſes to put it? And what is the reaſon of 
ess greater partiality to ſilver, copper, and iron, than to lead and 
£ok with regard-to the motion of reſtitution ? However, even in ſword- 


bigd 8, it has been often obſerved, that tho? if, ſoon after they are bent, 


ere that bent them be withdrawn, they will ſuddenly return ta their 


* 


9 ter ſtraitneſs; yet, if they be kept too long curved, they will loſe 


elaſtic power, and continue in that crooked poſture, tho? the force 


* hg put them into it, ceaſes to act: ſo that, it ſeems, nature eaſily forgets 
eee ſhe was here preſumed at firſt to take. | 


"be 


1 degree, or meaſure of coldneſs is natural to that liquor; and this, if Paysres. 
e not, will prove no eaſy task. And I think it yet more difficult 
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Pavs1cs. 3. It paſſes for current, and ſeems much to favour the opinion of them 
WY) turiſts, that what is violent, is contrary to nature, and therefore can 


animate bodies, that deſerves to be called violent, in contradiſt inction ton; 


whereof the lower are ſtill compreſs'd by the weight of the upper. An 


brought together by great violence of fire. And the motion that a ] 
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laſt long. This trite ſentence is, by the ſchools, ſo. particularly apply du 
local motion, that ſome of them have made it the characteriſtic, whereh 
to diſtinguiſh natural motions from others; that the former are perpety 
or at leaſt very durable, but the latter, being continually check'd by t 
contrariety of nature, continually decay, and are, within no long tim 
ſuppreſſed. | 

But it may be juſtly queſtioned, whether there is any motion among |, 


tural; ſince, among ſuch, all motions, where no intelligent agent inte 
venes, are made according to univerſal, and mechanical laws. 

And methinks, the Peripatetics, who are moſt forward to employ ti 
axiom, ſhould find but little reaſon for doing ſo, if they conſider*d howu 
Juitable it is to their doctrine, that the vaſt body of the firmament, and | 
the planetary orbs are, by the Primum Mobile, with a ſtupendous ſwiftnei 
whirPd about from eaſt to weſt, in four and twenty hours, contrary 
their natural tendency z and, that this violent and rapid motion, of th 
incomparably greater part of the univerſe, has laſted as long as the wort 
itſelf, that is, according to Ariſtole, for innumerable ages. 

We may alſo obſerve here below, that the ebbing and flowing of t 
ſea, which is generally ſuppos'd to proceed either from the motion of ti 
moon, or that of the terreſtrial globe, or ſome other external cauſe, u 
laſted for ſome thouſands of years, and probably will laſt as long as tt 
preſent ſyſtem of our vortex continues. That other great ocean too, f 
atmoſphere, conſiſts of numberleſs myriads of corpuſcles, that are ha 
below continually kept in a violent ſtate ; ſince they are elaſtical bodis 


to make a ſpring of a body, it is requiſite that it be forcibly bent 
ſtretch'd, and have ſuch a perpetual endeavour to fly open, or to fſhrii 
in, that it will not fail to do either, as ſoon as the force, that hinder: 
it, is remov'd. And, as for the ſtates of inanimate bodies, I ſee nd: 
that their being or not being natural, is, with any certainty, manit 
from their being or not being very durable. For-leaves that wither in: 
few-months, and bloſſoms that often fade in a few days, are as well nat 
ral bodies, as the ſolid and durable trees that bear them. And tis obvio!; 
that,” whether we make the ſtate of fluidity, or of congelation, to be 
tural to water, and the other violent; its change from one of thoſe itats 
into the other, and even its return to its former ſtate, is often, at ſon! WM 
ſeaſons, and in ſome places, made perhaps in an hour or leſs, by caut 
acknowledg'd to be natural. Miſts, hail, whirlwinds, lightning, falling 

ſtars, Sc. tho' natural bodies, are far from being laſting ; eſpecially ! * 
compariſon: of, glaſs, wherein the ingredients, ſand and. fix*d: ſalt, 7 


Plate of this glaſs can exerciſe, to reſtore itſelf to its former poſition, wit I 
forcibly bent, is in great part a laſting effect of the ſame violence of the 
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prs, and even in the moiſt air itſelf. 

There is a diſtinction of local motion, into natural and violent, ſo ge- 
i received and uſed, both by philoſophers and phyſicians, that it 
eres our notice here; ſince it implicitly contains an argument for the 
ence of the thing call'd nature, by ſuppoſing it ſo manifeſt, that an 
tant diſtinction may juſtly be grounded on it. 
his objection, I confeſs, is difficult to clear; not for any force in it, 
ee ambiguity of the terms, wherein the diſtinction is employ'd: for 
men ſpeak of this diſtinction or motion, in fo obſcure, or ſo uncer- 
way, that *tis not eaſy to know what they mean by either member 
f. Yet ſonie there are, who endeavour to ſpeak intelligibly, and 
* delle natural motion to be that, whoſe principle is within the moving 
and violent motion, that which bodies are put into by an external 
But, even according to this explication, I am not ſatisfied with the 
ion: for, as *tis a principle received, and frequently employ d, by 
lt e and his followers, That whatever moves, is put in motion by bat 
rl ſeems, that, according to this axiom, all motion may be called 
vie fince it proceeds from an external agent. And indeed, according 

totheKhool-philoſophers, the motion of far the greateſt part of the viſible 
rae, this motion be moſt regular and laſting,.muſt hence be reputed” 
vio 
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3 ſince they aſſert, that the immenſe firmament itſelf, with all the 
y orbs, is perpetually, and againſt its native tendency, hurry'd 
be centre of the world, once in twenty-four hours, by anexternal, 
Wie agent, which they therefore call the Primum mobile. And as for 
eerion of natural motion, that its principle is within the moving body, 
: be ſaid, that all bodies, once in the ſtate of actual motion, whats 
ſe firſt brought them to it, are moved by an internal principle: for 
an arrow, that actually flies in the air towards a mark, moves 
by fork Shag or other reſiding within itſelf ; for it does not depend on 
| tas ſhot out of, ſince *twould continue, tho” that were broken, or 
nife - 3 nor does it depend upon the medium, which mote reſiſts than 
progreſs. And if we ſhould ſuppoſe the air either to be annihi- 
Nath late or render*d uncapable of furthering or hindring its progreſs, I ſee 
1015 ne y the motion of the arrow muſt neceſſarily ceaſe, fince in this caſe 
e emains no medium tooppoſe its progreſs. When in a watch that 
* Mad up, the ſpring endeavours to unbend itſelf; and when the ſtring 
ſon of aun bow is broken or let go; the ſpring of the former, and the 
aus part of the latter, both return to a leſs curved line. And the? 
—_—_— ons are occaſioned hy the forcible acts of external agents, yet the 
bb ſpring, and the bow, have in themſelves, for ought appears to 
„ i: reaſon with, an inward principle, by which they are mov'd, till 
oe attam'd their poſition. Some would add, that a: ſquib, or a 
, tho? an artificial body, ſeems, as well as a falling- ſtar, to move 


L > internal principle. On che other ſide, external agents are requiſite 
1 to 
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| and ſo is the moſt durable perſeverance of the alkaline alt, one of Piyscs. 
so ingredients of glaſs, tho? very eaſily ſoluble in water and other WY 
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Paysics: to many motions, acknowledg'd to be natural; as the heat of the ſun, 
YN the germination and flouriſhing of ſeveral plants, hung up in the air int 
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ſpring. And if in the air-pump you place ſeveral inſets, and withdr, 
the common air from the receiver, they will lie moveleſs, as if they ys 
dead, tho? it be for ſeveral hours, whilſt they are kept from enjoying; 
air: but when that is permitted again to return upon them, they will y 
ſently revive, and be brought to move again; as if a fly, for inſtance, 
ſembled a little wind- mill, in being moveleſs of itſelf, and requiring: 
action of the air to put its wings, and other parts into motion. But, (» 
motion is not eſſential to matter, as diviſibility and impenetrability are} 
liev*d to be; the motions of all bodies, at leaſt at the beginning of thin 
and of moſt, the.cauſes of whoſe motions we can diſcern, were impre: 
on them; either by an external immaterial agent, God, or by ext 
portions of matter acting on them. | 

And tho* motion be deſervedly made a principal part of Ariftotle's d 
nition of nature; yet men uſually call ſuch motions natural, as are 
hard to diſtinguiſh from thoſe they call violent. Thus, when water! 
to the ground, they tell us, this motion is natural to that liquor, as 
heavy body; but when a man ſpurts water into the air, they pronor 
the motion, becauſe of its tendency upwards, to be contrary to nati 
yet when he draws water into his mouth thro? a pipe held perpendiculu 
they will have this motion, tho? directly upwards, to be not violent, 
natural. So when a blown bladder, let fall upon a floor, rebounds, ! 
deſcent and aſcent are both ſaid to be natural motions; tho? the for 
tends towards the centre of the earth, and the latter from it. And ſo 
from a conſiderable height, you let fall a ſphere of ſome cloſe wood, 
too heavy, into a deep veſſel of water, it will deſcend far in that liq: 
by a natural motion; yet its contrary motion, upwards, ought not! 
eſteem*d violent, ſince, according to the ſchools, being lighter in| 
than water, tis natural to it to affect its proper place; for which purj 
it muſt aſcend to the top of the liquor, and float. *Tis, however," 
theſe tendencies to oppoſite points, that men judge many motions o 
dies to be natural, or violent. 

And, indeed, ſince it muſt be indifferent to a lifeleſs and inſenſible vv 
to what place *tis made to move, all its motions may, in one reſpec 
ſaid to be natural; and, in another, violent: for as very many bodis 
A viſible bulk, are ſet in motion by external impellents, upon which 
count, their motions may be ſaid to be violent; ſo the generality ai g 
pell'd bodies, move upwards, downwards, &c. toward any part“ ll 
world, in what line ſoever they find their motion leaſt reſiſted ; whic 
pulſe and tendency being given by virtue of what they call the g ll 
Jaws of nature, the motion may be ſaid to be natural. .." 
The vulgar diſtintion of motion, therefore, into natural and vor | 
is not ſo clear and well-grounded, as to oblige us to admit that theres? 
A Being as the naturiſts aſſert, 
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l come now to conſider the argument that may be drawn in favour of Pavys1cs. 
ceiv'd notion of nature, from the critical evacuations, which happen 
eaſes; and the ſtrange ſtratagems that nature is ſaid to make ule of, e __ 2 
eberſelf from the noxious humours that oppreſs her. pra PF) 


a Wis argument I willingly acknowledge to be very oonſiderable; for we 
1 ſee, that in continual fevers, eſpecially in hot climates, there uſually 
Yi Wen, at certain times of the diſeaſe, notable commotions, or conflicts, 
i which the morbific matter is diſpoſed of, and diſcharged by ways 
{ ec and ſurprizing; to the great and ſudden relief of the patient. 
+ An this account, I take the argument drawn from crjſes to be much the 
in Weſt that can be urged for the opinion from which I diſſent. l 

i the body of a man is an incomparable engine, which the moſt wiſe 
wn 2 of things has ſo skilfully framed, for laſting many years, that, if 


were in it an intelligent principle of ſelf-preſervation, (as the natu- 
„ ppoſe there is) things would not, in moſſ caſes, be better, or other- 


„ ö anaged, for the preſervation of the animal, than they generally are. 
ri che queſtion is not, whether there be a great deal of providence and 
„% exerciſed in the criſes of diſeaſes ; but upon what account it is, 
0 ee appoſite things are perform*d ? *Tis the univerſal opinion of 
it Pins, chat 'cis the intelligent principle they call nature; which, be- 
ul ia eirous for the welfare of the patient, and diſtreſſed by the quantity 
|; de ness of. the morbific matter, watches her opportunity to expel it 
2. but of the body, by the moſt ſafe and convenient ways, which, in 
* tent condition of the patient, can be taken. I, on the other ſide, 


Ae criſes to the wiſdom and ordinary providence of God, exerting 
the mechaniſm of that great machine, the world; and of that 
engine, the human body, as conſtituted in the patient's circum- 
The reaſons that hinder me from acquieſcing in the general opi- 
L phyſicians, about criſes, are principally theſe. | 
== properly ſo call'd, very ſeldom happen, except in fevers, and 
acute diſeaſes 3 where, according to the common courſe of things, 
5 rder is ſoon terminated, either by recovery, death, or a change 
5 01" iii e other diſeaſe: but chronical ſickneſſes, unleſs they happen to be 
pany'd with feveriſh diſtempers, uſually have no criſes. This ar- 
Wat nature doth not make critical evacuations, upon account of 
„ mei re and watchfulneſs, as phyſicians aſcribe them to; ſince ſhe neg- 
ode le employ ſo wholeſome an expedient in diſeaſes, that are often no 
_ KelE@gecrous and mortal than acute ones, whilſt ſhe attempts to cure by 
| criſes, 
8 in, critical evacuations may be procured by the bare mechaniſm of 
s: tor, by virtue of that, the fibres, or motive organs of the ſto- 
Libera, and other parts, being diſtended, or vellicated, by the 
ec, or acrimony, of the peccant matter, will, ſometimes, by ſuch 
ation, be made to contract themſelves vigorouſly, and to throw 
a. 0 r that offends the part, either by the emunctories of the bo- 
7270 — paſſages it can, with moſt eaſe, be diſcharged. Thus, 
_ . S when 
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nature's watchfulneſs for a criſis, which, probably, ſhe would not atteny 
And as tis uſual for criſes to be made in fevers by large hemorrhagitz 
the noſe, and other parts; which is aſcribed to nature's care for the, 
tient's recovery; I muſt add, that it hath been often obſerved, that «x; 
after death, large bleedings have happen'd at ſeveral other parts of 
body; which ſhews, that ſuch excretions may be made by virtue of: 


Paysrcs. when ſome men find their ſtomachs burden'd with aliment, they provg, 1 
it to unload itſelf with a feather, or the like, without being beholden 


ſtructure of the machine, or the turgeſcence and acrimony of the hum 


without any deſign of nature to ſave the life of the patient. 


Indeed, if it appear'd, by experience, that all criſes of diſeaſes et þ 


expell'd the morbific matter, or notably relieved the patient; the crit 
attempts of nature would much favour the opinion men have conceiy'{ 
her vigilance and conduct: but unwelcome inſtances daily ſhew, that, 
ſome criſes are ſalutary, ſo others prove mortal. And, among thoſe 
do not directly kill the patient, there are ſeveral which leave him in a vr 


condition than he was before. I therefore wonder not, that phyſi 


have thought themſelves obliged to lay down ſeveral circumſtance, 
neceſſary requiſites of a laudable criſis; if any of which be wanting, 


not thought of the beſt kind: and if the contrary to ſome of them |: 


pen, tis to be judged either pernicious, or hurtful. For as there are: 
general ways ſuppoſed to be employ*d by nature, in making criſes, 
one by expulſion of the peccant matter out of the body; and the othe, 
the ſettling of the matter ſomewhere within it; neither of theſe is; 
ſtantly ſucceſsful. | 

Whence experience hath obliged phyficians to divide crifes not only: 
perfect, that fully determine the event of the diſeaſe ; and imperfedt,t. 
only alter it for the better or the worſe ; but into ſalutary, that quit 
lieve the patient; and mortal, which deſtroy him. And, to a pe 
and ſalutary criſis, ſome require no leſs than ſix conditions; that i 
preceded by ſigns of coction; that it be made by a manifeſt and ſuffc 
excretion, or tranſlation z that it happen upon a critical day; that it: 
no relicks behind, to endanger a relapſe; that it be without dangr' 
ſymptoms ; and, laſtly, ſuitable to the nature of the diſeaſe, and tit; 
tient. | 

Hence it may appear no common thing to meet with a perfect anc 
lutary criſis, ſince ſo many laudable conditions muſt concur in it, 4 


indeed, nature uſually takes up but with imperfect ones; and it " ? 


happy if ſhe made no better, provided ſhe made no worſe. But tis u =” 


by ſad experience, that ſhe rouzes herſelf up to make a criſis, not“ i 


upon improper days, but alſo when there appear no ſigns of coction; 


by theſe unſeaſonable attempts, weakens the patient and increaſs 


malady, or, perhaps, makes it ſpeedily mortal. Nor will it juſtify!" 


to ſay, that theſe attempts are accidentally brought on, by the acrim 9 
or importunity of the morbific matter, by which ſhe is provoked, 
the time, to endeavour an expulſion of it. For if nature be ſo * | 


C 2 * 
1 , 1 
1 
188 
1 


> 
＋ 

_ 
i 


*% 


vulgar Notion of NATURE. I 31 


4 | ,atchful a guardian, as is thought, ſhe ſhould not ſuffer herſelf to be Pavs1cs, 
bed to act prepoſterouſly, and make furious attempts, that, laviſh x 


"8: often do very well, when, agreeably to the dictates of prudence, 
: forget how much wiſdom they are apt to aſcribe to nature, and 
„oy their beſt skill and remedies to ſuppreſs, or moderate, the inordi- 
\ WMmotions, or the improper and profuſe evacuations, that ſhe, when 
ed, raſhly begins to make. And tho? the criſes that are made by a 
„ ation of the peccant matter, or by lodging it in ſome particular 
of the body, be often, when they are not ſalutary, ſomewhat leſs 
„l than thoſe made by excretion; yet theſe, frequently, prove dan- 
' ; ſometimes producing inward impoſthumes, or external tumors, 
9 ts either noble by their functions, ſituation, connexion, or ſympathy 
„ chers, that are not to be without hazard, or great inconvenience, 
| one d. | | 
iy ow that phyſicians make it a great argument of nature's providence 
© ill, that ſhe watches for the concoction of the peccant matter, before 
; eempts to expel it by a criſis. But what is to be meant by this coction 
„ ours, they do not clearly declare. As I underſtand it, when they ſay, 
': vortion of peccant matter is brought to coction, they mean, that it 
en be vir'd ſuch a diſpoſition, as makes it more fit than before, to be ſe- 
„ from the ſounder portion of the maſs of blood, or from the con- 
„% fi arts to which it, perhaps, formerly adhered ; and to be afterwards 
„ EXP out of the body. As where the lungs are affected by a freſh taken 
F e ſee, that, after a few days, the phlegm is made more fluid, and that 
ji Jodgge in ny. is eaſily brought up by the coughing, which could not 
ee it before. 
in fevers, that ſeparation in the urine, which phyſicians look upon 
ve A Pod ſign of coction, ſeems to be produc'd by ſome part of the pec- 
„ 8 that, beginning to be ſeparated from the blood, mixes with 
FR ee, and is not uſually diſtinguiſh'd from it, whilſt this liquor 1s 
uE but when grown cold, on account of its weight, or texture, ap- 
„ * diſtinct form; as of a cloud, ſediment, Sc. 
er whatever they mean by coction, *tis plain that, on many occaſions, 
| waits not for it, bur unreaſonably, and often with danger, attempts 
- 211 W off the matter that offends her, before it be duly prepar'd for ex- 
- Ws a circumſtance of criſes, thought the moſt wonderful, that nature 
8% by very unuſual ways, and at unexpected places, diſcharges the mat- 
N t offends her, and thereby either cures, or notably relieves the pa- 
4 ol _ {ctting aſide extraordinary caſes, it ſeems probable, that the perfor- 
-  —_ of nature, in common criſes, are, in ſome meaſure, referable to the par- 
45. condition of the matter to be expelPd, but principally toa peculiardiſ- 
1 „ea in che primitive fabric of ſome parts of the patient's body; or ſome 


| | an change made in the conſtruction of theſe parts by the diſeaſe itſelf, or 
nl 9 2 other 


le ſtrength the patient hath ſo much need of. And, therefore, phy- 
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Pays1cs. Other accidents: which original, or adventitious diſpoſition being inviſ, 

toads, at leaſt whillt the patient lives, we are apt to aſcribe the unexpedt 
accidents of a criſis, if it prove ſalutary, to the wonderful providence ; 
nature; and if it happen otherwiſe, to overlook them. Plentiful evaa 
ations, procured by medicines, are a kind of artificial criſes. Some hy 
dies, we fee, are ſo conſtituted, that tho* the peccant humour, Wwrougi 
on by the medicine, ought, as the phyſician thinks, to be expell'd by ſt 
in the generality of thoſe who take rhubarb or ſena; yet the peculiar q 
poſition of the patient's ſtomach will make that an emetic, which wasj 
tended for a cathartic. Nor does this conſtitution of the ſtomach equi 
regard all purging medicines : for the ſame ſtomach that will reject the 
in the form of a potion, will quietly retain them, in that of pills. Th 
mercury, which tho*, when duly prepared, is uſually given to proc 
ſalivation, eſpecially to ſucculent bodies; yet there are ſome patien 
wherein, inſtead of ſalivating, *twill work violently downwards, lik: 
purge, or make ſome other unexpected evacuation. And I have ſen 
patient, who, tho* young and very fat, could not be brought to faliv; 
either by the gentler ways; by turbith- mineral, or other harſher me 
eines, tho* adminiſtred by very skilful phy ſicians and chirurgeons. 

And this peculiarity may be as well contracted, as native: for fr 
perſons, eſpecially after ſurfeits, having been ruffly dealt with, or, at | 
tired out with a medicine of this or that kind of form, will afterw:: 
nauſeate and vomit up the like, tho? in other bodies it be very far fn 
emetic. 

We ſee, alſo, that ſometimes ſudoriic medicines, inſtead of procur: 
ſweat, prove briskly diuretic, and ſometimes either purging or voni 

From all this we may argue, that the qualities of the irritating mat: 
and much more the particular diſpoſition of the patient's body, may 
cure evacuations at unexpected places. 

There are alſo inſtances of periodical and critical evacuations, at ven 
convenient, and unuſual vents. Thus ſome women are recorded to |! 
had their menſes, ſometimes at the eyes, ſometimes at the navel, ſometin 
at the mouth, &'. of which there ſeems no cauſe ſo probable, as ſome; 
culiar ſtructure, whether native or adventitious, of the internal parts 
cern'd in that diſcharge: and of ſuch unuſual ſtructures, anatomiſts n 
have ſeen many, ſince I myſelf have obſerv'd more than one or two. 
if theſe uncommon ways of diſpoſing of the morbific matter, were alv! 
ſalutary to the patient, the argument grounded on them would have n 
weight: but tho* moſt men take notice of this ſort of criſes, only . 

; they are lucky, yet an impartial obſerver ſhall often find, that ill cos 
tion'd and hurtful ones, may be made by unuſual and unexpected i 
And, in ſome tranſlations of the -morbific matter to diſtant and ns 
parts, perhaps it will be as difficult to ſhew, by what channels or k ; 
ways the matter paſs'd from one to another, as *tis to determine, h 
was conducted to the parts that moſt happily vented it. ue 


[| Il 
Dale 


JF | 


0 [1 

\etirt 

me l 
CN 

ts m 
„ N 
alw! 
ve l 
y i 
cos 
ed Wi 


4 noob 


Eno 


N ho# / 2 
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that divine prudence is, at leaſt, often con- Paysrcs. 
in a peculiar manner, about the actions of men, and the things LCSW 
Bppen to them, or has a neceſſary connexion with the one, the other, 

'th. And tho' I think it probable, that in the conduct of that far 
eit part of the univerſe, which is merely corporeal, the wiſe author 
eeldom manifeſtly procures a receſs from the ſettled courſe of the uni- 


Wis my ſettled opinion, 


and eſpecially from the moſt general laws of motion; yet, where 
W who are creatures, that he is pleas*d to endow with free-will (at leaſt 
regard to things not ſpiritual) are nearly and highly concern'd ; he 


| Snot only ſometimes by thoſe ſignal and maniteſt interpoſitions we call 


eees, acted in a ſupernatural way; but, as the ſovereign lord and go- 
of the world, frequently give, by the intervention of rational minds, 


motion of parts in thoſe bodies, and of others, which may be af. 
by them, as by laws merely mechanical, thoſe parts of matter would 
ve had: and by motions ſo determin'd, either ſalutary or fatal criſes, 
any other things, conducive to the welfare or detriment of men, 
produced. | 
The interpoſition of divine providence, in caſes of life and death, might 
be ſhewn to chriſtians, from ſeveral. paſſages of ſcripture. And, I 
thin it becomes a chriſtian philoſopher, to admit in general, that God 


\..4 
. 


ſometWwnes in a peculiar, tho? ſecret way, interpoſes in the ordinary phe- 


nome and events of criſes ; but that this is done ſo ſeldom, at leaſt in a 
unt we can certainly diſcern, that we are not haſtily to have recourſe 


toamextraordinary providence, and much leſs to the ſtrange care and skill 


gqueſtion'd Being call'd nature, in a particular caſe, if it may be 
thi 
N 
it, regard to the divine wiſdom and providence; the arguments for 
the wative ought, in their kind, to have more force than thoſe for the 
negate. For it ſeems more allowable, to argue a providence from the ex- 


ſtructure and ſymmetry of the mundane bodies, and the apt ſubor- 
In and train of cauſes, than to infer from ſome phyſical irregulari- 


For the characters and impreſſions of wiſdom, conſpicuous in 
theegrious fabric, and orderly train of things, can, with no probability, 
rrrr'd to blind chance, but to a moſt intelligent and deſigning agent. 
, on the other hand, the irregularities we ſpeak of, are incompa- 

fewer than thoſe things which are regular, and produc'd in an or- 
ay; and the divine maker of the univerſe being a moſt free agent, 
eng an intellect infinitely ſuperior to ours, may, in the production 
ingly irregular phenomena, have ends unknown to us, which even 

Wrrcgularities may be very fit to compaſs. 


$E CT. 


united, as not united to human bodies, ſeveral ſuch determinations 


iy accounted for by mechanical laws, and the ordinary courſe of 


n we confider the world, and the phyſical changes that happen in 


lat things are not fram'd and adminiſtred by a wiſe author and go - 


133 


I 34 A free Inquiry into the 
Pays1cs, | 
LAVAL r. I. 


Axioms about O proceed, the moſt general and current axioms concerning naty; 


nature, how 
far, and in 
ec Hat ſenſe to 
be admitted, 


employ'd in the writings of philoſophers, may have a fair accoy 
given of them, agreeably to the doctrine hitherto propos'd ; tho? ſony; 
theſe axioms ſuppoſe, and others ſeem ſtrongly to ſupport the receiy'dy 


tion of nature. 

But before I conſider the particular maxims receiv*d concerning natur 
actions, let us ſee in what ſenſe nature may, or may not, be ſaid to ad 
all, or to do this or that. | 

For ought I can clearly diſcern, whatſoever is perform'd in the mer 
material world, is really done by particular bodies, acting according; 
the laws of motion, Sc. ſettled and maintain*'d by God, among things u 
poreal, In which hypotheſis, nature ſeems rather a notional thing, thu 
true phyſical, diſtin& efficient; ſuch as would be, in caſe Ariſtotle's ( 
ctrine were-true, one of thoſe intelligences he preſum*d to be the mot 
of the celeſtial orbs. But men often expreſs themſelves ſo very ambi 
ouſly, or intricately, when they ſay, that nature does this, or acts th: 
that”*tis ſcarce poſſible intelligibly to tranſlate their expreſſions into 
forms of ſpeech, adequate to the originals. 

1. Inthis axiom, every nature preſerves itſelf ; by the word natur 
ſuppoſe, is underſtood a natural body, otherwiſe I know not wh 
means. Thus, then, it may either ſignify, that no one body tends u 
own deſtruction, or that, in every body, there is a principle call'd natr 
upon account whereof the body is vigilant and induſtrious to preſers: 
ſtate, and to defend itſelf from the violence and attempts of all other) 
dies that oppoſe, or endeavour to deſtroy or harm it. 

In the former ſenſe, the axiom may be admitted, without any pr 
dice to our doctrine: according to which, inanimate bodies can have: 
ther appetites, hatreds, nor deſigns ; ſo that we may eaſily grant, ! 
-have none to deſtroy themſelves. 

But, according to the other ſenſe of the axiom, *twill import, thater 
body has within itſelf a principle, whereby it defires, and with al 
power endeavours to compaſs its own preſervation ; and both to do t 
things, that tend thereto, and oppoſe all endeavours, that outward ag 
or internal diſtempers, may uſe to compaſs the deſtruction of it. 

And, as this is the moſt vulgar ſenſe of the axiom, ſo *tis chief 
this, that I am concern'd to examine it. =. 

I conceive, then, that the moſt wiſecreator of things at firſt ſo frame: 

world, and ſettled ſuch laws of motion between the bodies, which # 
parts, compoſe it; that by the aſſiſtance of his general concourk, ” 
portions of the univerſe, are lodg*d in ſuch places, and furniſh'd with! 
powers, that, by the help of his general providence, they may have! 
beings continued and maintained, as long as the courſe he thought f 
_ eſtabliſh amongſt things corporeal, requires. 4 
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_ 


han internal appetite and in-bred knowledge in each of them, as 
thi aturiſts preſume : ſince, by virtue of the original frame of things, 


Nr ſtabliſhed laws of motion, bodies are neceſſarily determined to act on 
t: occaſions, after the manner they would, if they had really an aim at 
n reſervation. | = 

us, *cis all one to a lump of dough, whether you make it into a round 
** ga long roll, or a flat cake: for in whatever figure the hands leave it, 
t retains without having any appetite to return to the former. The 

er's needle, before it is excited, may have no particular propenſity 
et to one part of the heavens more than another; but when it has been duly 
„% d upon a load - ſtone, the flower - de- luce will be determin'd to the 
o and the oppoſite extreme to the ſouth. So that, if the lily be 
hv aide, towards the eaſt or the weſt, as ſoon as the force that de- 


Wir, is remov'd, it will return to its former poſition, and never reſt, 

ont PM Eregard the north. But, in ſpite of this ſeeming affection of the lily 

point of the horizon, yet, if the needle be duly touch'd upon the 

tz y pole of a vigorous load-ſtone, the lily will preſently loſe its former 
)'r - nel a ion, and regard the ſouth part of the heavens. 

other received axiom concerning nature, is, that ſhe never fails of 

ir, he This propoſition is very ambiguous, However, if by nature 


bn re underſtand the Being, that the ſchool- men ſtyle Natura naturans ;. 


„ Falathat nature never miſſeth its end. For the omniſcient and almighty 
ar of things having once framed the world, and eſtabliſh'd in it the 
motion, which he conſtantly maintains, there can no irregularity 


en . cſpecially among the greater mundane bodies, that he did not 
eee beginning foreſee and permit. And tho', on ſome ſpecial occa- 


py w_ is inſtituted order, either ſeemingly or really, has been violated z 
ve! JR things happening but rarely, and for weighty ends and purpoſes, 
„ cacculiar intervention of the firſt cauſe, either guiding or over- ruling 

penlities and motions of ſecondary agents; it cannot be ſaid, that 
ter ons fruſtrated of his ends by theſe exorbitances, whereby he moſt 
all nd effectually accompliſhes them. But, if by nature be meant ſuch 
ot: nate principle, as men uſually underſtand by that name, I doubt 
age! the! mis in many caſes falſe : for tho? the material world is ſo conſtitu- 

at, for the moſt part, things are brought to paſs by corporeal 
eff as regularly, as if they deſigned the effects they produce; yet 

eee ſeveral inſtances wherein things happen quite otherwiſe. 

net when a woman is pregnant, the aim of nature is, to produce a 
ich human fœtus; yet we often ſee, nature widely miſſing her mark, 
{:, * of that, produces a monſter. Thus the ſap, that nature raiſes with 
icht to feed the fruit of a white-thorn, for inſtance, is by graffing 
ven ht to nouriſh a fruit of quite another kind. So, when the malſter 


barly to ſprout, whence nature intends to produce ſtalks and ears, 
verted to a very different purpoſe. 
1 3. Another 
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"2 pon this ſuppoſition, which is but reaſonable, there will appear no Pavysics. 
nec tity to have any recourſe, for the preſervation of particular bodies, 
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by the ſhorteſt ways. But this rule, as well as ſeveral others, require 


| ſphere ought not to rebound at all. And having taken a good ſea com 
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2: Another celebrated axiom concerning nature, is, that ſhe always x 


be explained and limited, before it be admitted. Tis true, the omniſci 
author of the univerſe has ſo framed it, that molt of its parts act as rg 
larly in order to the ends propoſed, as if they did it with deſign. But in 
inanimate bodies have no knowledge, it cannot reaſonably be ſuppoſ 
that they moderate and vary their own actions, according to the exigey 


of particular circumſtances, wherewith they muſt of neceſſity be un 
quainted 3 it were therefore ſtrange, if various occurrences did not de: 

mine them to act by other than the ſhorteſt ways, that lead to partic! i F 
ends, if thoſe other ways be more agreeable to the general laws or cuſt * 
eſtabliſhed among things corporeal. This I prove by inſtances taken 
gravity itſelf, a quality perhaps very probably referr*d to an innate py 


and propenſion. For it a heavy body be let fall into the free air, . 
take its courſe directly towards the centre of the earth; and, if itr 
with an inclining plane, which puts it out of its way, it will not lo: 
tendency towards the centre, but run along that plane, by which mean; 
tendency downwards is proſecuted, tho* not, as before, in a perpendic: 
line, yet in the ſhorteſt way it is permitted to take. Theſe obvious; 
nomena, I confeſs, agree very well with the vulgar axiom, and poſi 
were the chief things that induced men to frame it. But now let us 
poſe, that a little ſphere of marble or ſteel, after having long fallent 
the air, lights upon a pavement of hard ſtone, that lies horizontal; in 
caſe, experience ſhews, that the falling globe will rebound to a conſider 
height, and falling down again, rebound again, and ſo for ſeveral ti 
ſucceſſively, before it approaches as near as is permitted it, to the c 
of heavy bodies. But if nature acted in all caſes by the ſhorteſt ways, 


and ſuffer'd the magnetic needle to reſt north and ſouth ; if I hel. 
proper pole of a good load-ſtone at a convenient diſtance, on the rig 
left hand of the lily, this would be drawn aſide from the north poir 
wards the eaſt or weſt, as I pleaſed ; and then the load-ſtone being 
remov'd, the lily of the needle would indeed return northward, ! 
not ſtop in the magnetic meridian, but paſſing on ſeveral degrees bej 
it, *twould thence return without ſtopping at the meridian line; 
ſo, by its vibrations, deſcribe many arches ſtill ſhorter and ſhot -f 
till at length it came to ſettle on it, and recover that poſition, which 4 
nature always acted by the moſt compendious ways, it ſhould have ? 
at the firſt time it had regain*d it. The truth is, that, at leaſt, inan 
bodies, acting without knowledge or deſign of their own, cannot it! nl 

moderate their own actions, but muſt neceſſarily move as they arc «© al 

mined by the general laws of motion; according to which, in one cat“ 
impetus, that a body acquires by falling, is more powerful to cas 

on beyond the line of direction, than the action of the cauſes of gra 
to ſtop it, as ſoon as it comes to the neareſt place they can give it u 
centre of the earth. And ſomething like this happens in levity, a" 
I - gr 


vet 


nan reſumed, ſollicitouſly watch for its welfare. 
ot ito; 
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ir, and haſtens the death of the tree. Now this fatal 
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and having ſunk it to the bottom of deep ſt 
do aſcend, it will not only regain the ſurface of the water, where, 
laws of gravity, it ought to reſt, and did reft before it was forc'd 
but riſe far beyond that ſurface, and in part, as it were, ſhoot It- 
y into the incumbent air, then fall down again, and riſe a ſecond 
and perhaps much oftner, and fall again, before it ſettles in its due 
WS. wherein it is in an equilibrium with the water, that endeavours to 
ec upwards. 


Another maxim, generally receiv*d concerning nature, is, that ſhe al- 


* 


does what is beſt. But of this it will not be ſafe to deliver an opi- 
eil I have remov'd the ambiguity of the words; for they eaſily ad- 
co different ſenſes. They may ſignify, that nature, in the whole 
e., does always that which is beſt for the preſervation of it in its 
f refer ſtate ; or that, with regard to each body in particular, nature ſtill 


t of theſe ſenſes, the axiom will be leſs liable to exception; but 
the fear, it will be difficult to be poſitively made out by ſuch inſtances 
that nature acts otherwiſe than neceſſarily according to mechanical 
and therefore till I meet with ſuch proofs, I ſhall proceed to the 
otha&#nſc, which, tho* the moſt uſual, I cannot admit, without it be 
lain'd and limited. I readily grant, as I have often occaſion to 
that the all-wiſe author of N corporeal has ſo framed the 
that moſt things happen in it as if the particular bodies that com- 
were watchful both for their own welfare and that of the univerſe. 
Shink, withal, that particular bodies, at leaſt ſuch as are inanimate, 
gw ichout either knowledge or deſign, their actions tend not to what 
Stor them in their private capacities, any further than ſuits with the 
laws of motion, and the important cuſtoms eftabliſh'd among 
oorporeal: ſo that, in conformity hereto, ſeveral things are done, 
neither the beſt, nor ſo much as good, with regard to the welfare 
Eicular bodies. 


Often ſee, that fruit- trees, eſpecially when they grow old, will, for 


- iz 


i 


one gon, be ſo overcharg'd with fruit, that they decay and die ſoon af- 
even whilſt they flouriſh the exceſſive weight upon them ſome- 
ti reaks off the branches, and thereby both hinders the maturity of 


rofuſion 
dave been prevented, if a wiſe nature, harbour'd in the plant, did, 


eee alſo, in ſeveral diſeaſes, and in the unſeaſonable and hurtful 
of fevers, how far what men call nature often is from doing that 
== i beſt for the. patient's preſervation. In many diſeaſes, a great 


2 the phyſician's work is to ap eaſe the fury, and to correct the er- 


WP! this pretended nature, which being, as *twere, tranſported with 


d and impetuous paſſion, mm produces thoſe dangerous 
| diſ- 


L. II. 


hat moſt conduces to the preſervation and welfare of that body. In 


137 


; for i ke an oblong and convenient] ſhaped piece of light Pa vsics. 
7 Fo | fla nant water, give it. 
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Paysrcs. diſorders in the body, that, if ſhe were wiſe and watchful of its welfan 
[ ſee would have been as careful to prevent, as the phyſician to remedy, *' 

"ng And if nature be fo provident and watchful for the good of men, 2 
other animals, and of that part of the world wherein they live; hy 
comes ſhe, from time to time, to deſtroy ſuch multitudes of men ay 
beaſts, by earth-quakes, peſtilences, famine, Cc. 

5. The word Vacuum being ambiguous, and uſed in differing ſenſes, '; 
requiſite, before I declare my opinion about the receiv'd axiom of ti 
ſchools, that nature abhors a Vacuum, to premiſe the chief acceptations, 
which I have obſerv'd the term Vacuum to be uſed ; for it has ſometime; 
vulgar, and ſometimes a philoſophical, or ſtrict ſignification. In commi 
ſpeech, to be empty, uſually denotes, not to be deſtitute of all by | 
whatſoever ; but of that body men ſuppoſe ſhould be in the thing ſpoke 
of, or of that which it was framed, or deſign'd to contain. Thus, weſy 
a purſe is empty, if there be no money in it; or a bladder empty, wh: 
the air is ſqueez'd out, &c. The word Vacuum is, alſo, taken in anoth 
ſenſe, by philoſophers who ſpeak ſtrictly, when they mean by it a ſp 
within the world, wherein there is not contain'd any body whatſoever. 

Now the chief, if not the only reaſon that moves the generality of p 
loſophers to believe, nature abhors a Vacuum, is, that, in ſome caſes, the 
obſerve an unuſual endeavour, and, perhaps, a forcible motion in war 
and other bodies, to oppoſe a Vacuum. But I am not apt, without abi 
lute neceſſity, to aſcribe to inanimate, and ſenſeleſs bodies, the appetit 
and hatreds that belong to rational or ſenſitive Beings z and, therefor 
think it a ſufficient reaſon to decline employing ſuch improper cauſes, | 
without them, the motions, aſcribed thereto, can be accounted for, 

If the Carieſian notion of the eſſence of a body, conſiſting in three: 
menſions, be admitted, it can ſcarce be deny'd, that nature does not pr 
duce theſe great, and irregular efforts to hinder a Vacuum; ſince, it bi: 
impoſſible there ſhould be any, *twere a fond thing to ſuppoſe, that nan H 
who 1s repreſented to us as a moſt wiſe agent, ſhould take pains, and: 
extravagant things, to prevent an impoſſible miſchief. 

If the atomical hypotheſis be admitted, it muſt be granted, that nat! 
is ſo far from abhorring a Vacuum, that a great part of the things ſhed 
require it, ſince they are brought to paſs by local motion; and there! 
very many caſes, wherein, according to theſe philoſophers, the necels » 
motions of bodies cannot be perform'd, unleſs the corpuſcles, that li! 
their way, have little empty ſpaces to retire, or be impell'd into ; Wi 
the body, that impels them, endeavours to diſplace them. Whence” 
axiom, that nature abhors a Vacuum, agrees with neither of the two g 

| ſes of the modern philoſophers. ime 

But, for ought appears by the phenomena employ'd to demonſtrat? . 

ture's abhorrence of a Vacuum; either nature does not abhor a V E-. 

even when ſhe ſeems ſollicitous to hinder it; or, ſhe has but a very mo- off N 

rate hatred of it, in that ſenſe wherein the vulgar philoſophers take“ ne 

; word Vacuum. | | | k 1 

| | 3 " 


wot 


vulgar Motion of NATURE, 


terraqueous globe; whence nature need not diſquiet herſelf, and act 
 Wvlarly to hinder a Vacuum, ſince, without her abhorrence of it, it 
WE be prevented or repleniſhed, by her affecting to place all heavy bodies 
ear the centre of the earth, as heavier than they will permit. And 
$8. without any deſign of her's a vacuity will be as much oppos'd, as 

% ally find it, by the gravity of moſt, if not of all bodies here below, 
„ Wc fluxility of liquors. For, by virtue of their gravity, and the mi- 
„% cs of their parts, they will be determin'd to inſinuate themſelyes 
and fill all the ſpaces that they find not already poſſefſed by other 


1 mtu 

ob = either more ponderous, in ſpecie, than themſelves, or, by reaſon 
k ir firmneſs of ſtructure, capable of reſiſting or hindering their de- 
ſn a Accordingly, we obſerve, that, where there is no danger of a 
vie Im, bodies may move, as they do, when they are ſaid to endeavour 
"the vention. Thus if you would thruſt your hand deep into a veſſel of 
pz Anand afterwards draw it out again, there will need nothing but the 
. of the ſand to make it fill up the greateſt part of the ſpace deſerted 
the oy hand; and if the veſſel be repleniſhed, inſtead of ſand, with an 


te of corpuſcles more minute and ſmooth than the grains of that, 
111 a8, inſtance, with quick- ſilver, or with water; then the ſpace deſerted 
ah, by i hand will be, to ſenſe, compleatly filPd by the corpuſcles of the 
flu And if you take a glaſs pipe, whoſe cavity is too narrow to let 
d quick-ſilver paſs by one another in it, and having lodg'd a ſmall 
;, i rr of mercury, of about half an inch long, in the lower part, you 
{ — 1 ſtop the upper orifice with your finger, the quick- ſilver will re- 
tee! w zuſpended in the pipe; and if, then, you thruſt the tube directly 
= domawards, into a deep glaſs of water, till the quick- ſilver be depreſſed 
xii ARGUES foot beneath the ſurface of the water, and then take off your fin- 
1 n the orifice of the pipe; the quick- ſilver will immediately aſcend 
ini; for five or fix inches, and remain ſuſpended at this new ſtation. 
He therefore, we have a ſudden aſcent of ſo heavy a body as is quick- 
nm and a ſuſpenſion of it in the glaſs, not produced to prevent or fill a 
Fae, for the pipe was open at both ends; the phenomena being but ge- 
nſequences of the laws of the equilibrium of liquors. wtf 
gering how great a power the ſchool-philoſophers aſcribe to na- 
ture, 1 am the leſs inclined to think her abhorrence of a Vacuum ſo great 
„ 1magin'd. I have ſhewn, that her averſion to, and watchfulneſs 
iir, are not ſo vehement, but that, in the ſenſe of the Peripatetics, 
Sn quietly admit it, in ſome caſes, where, with a very ſmall en- 
er, ſhe might prevent or repleniſh it. When the Torricellian expe- 
is made, tho? it cannot, perhaps, be fully prov'd, either againſt the 


rates a - 

* ans, or ſome other P leniſts, that in the upper part of the tube, deſert- 
0. the {pang there is a Vacuum, in the ſtrict philoſophical ſenſe 
cake ® word; yet, as the Peripatetics declare their ſenſe, by their reaſonings 


T 2 7 againſt 


rr, in almoſt all viſible bodies here below, and even in the atmoſphere Pays1cs: 
WE there is more or leſs of gravity, or tendency towards the centre of. 


140 A free Inquiry into the 
ys1CS. againſt a Vacuum, *twill appear very hard for them to ſhew, there 
2 — one in that tube. And, as by the ſcholaſtic way of arguing, 8 
| ture's hatred of a Vacuum, from the ſuſpenſion of water, and other | 
quors, in tubes and conical watering-pots, it appears, they thought th 
any ſpace here below, deſerted by a viſible body, not ſucceeded by ano 
viſible body, or at leaſt by common air, may be reputed empty; ſo, . 
ſpace deſerted by the quick-filver, at the top of a barometer, thin, io 

one inches long, will invite one to doubt, whether a Vacuum ought 
be thought ſo formidable a thing to nature, as they imagine ſhe thinks; 621 
For, what miſchief would enſue to the univerſe, upon the production 
continuance of ſuch a Vacuum, tho? the deſerted ſpace were much ny 
than an inch, and continued many years, as has ſeveral times happen 
the taller ſort of mercurial barometers ? And thoſe Peripatetics who t 
us, if there were a Vacuum, the influences of the celeſtial bodies, that: 
abſolutely neceſſary to the preſervation of the ſublunary ones, would bei 
tercepted, ſince motion cannot be made ix vacuo, would do well to proveſi 
a neceſſity; and to conſider, that in our caſe the top of the quick- ſiſ 
to which the Vacuum reaches, uſually appears protuberant; which ſhi 
that the beams of light are able to paſs thro? that Vacuum, being, in ſpit: 
it, reflected from the Mercury to the eye. And in ſuch a Vacuum, as to cu 
mon air, I have try*d, that a load - ſtone will emit its effluvia, and ny 

iron or ſteel placed therein. | 

In ſhort, it is not evident, that, here below, nature fo much endeave 
to hinder or fill up a Vacuum, as to manifeſt an abhorrence of it: u 
without much peculiar ſolicitude, a Vacuum, at leaſt a philoſophical on 
as much provided againſt, as the welfare of the univerſe requires, by x 
vity and the fluxility of the liquors, and other bodies. | 
6. I coins now to the celebrated ſaying, that nature cures diſeaſes, ti? | 
from Hippocrates, who expreſſes it in the plural, your eu, ii. 
becauſe this axiom is generally receiv*d among phy ſicians and philoſopir r 


and ſeems to be one of the principal things, that has made them intro: 
ſuch a Being as they call nature; I ſhall attentively conſider, in , | 
5 and how far, this famous axiom may, or ſhould not, be adv *M 
ted. 
Firſt, then, I conceive it may be taken in a negative ſenſe, ſo as to! 
port, that diſeaſes cannot be cured in ſuch perſons, in whom the agg 
of the vital powers, or faculties of the body, is ſo far weaken'd or def 
ved, as to be utterly unable to perform the functions neceſſary to lite; 
at lealt to actuate and aſſiſt the remedies employ'd by the phy ſician, 107 
ſerve or recover the patient. 1 x 


* 1 * 
This I take to be the meaning of ſuch uſual phraſes as theſe, PhHes 
tao late. Nature is quite ſpent, &c. And in this ſenſe I readily acknovw!* 
the axiom to be true. For, where the engine has ſome neceſſary . _ 
whether fluid or ſolid, ſo far deprav'd or weakned, as to render it ac 
ther unable to co-operate with the medicine, it cannot be rationally e n_ 
ed, that the adminiſtration of that medicine, ſhould prove effectual } 4 
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ss a poſitive ſenſe of our axiom, wherein it is the moſt uſually em- Pxysics. 
k Wd for men commonly believe there reſides in the body of a ſick per. 
i certain provident or watchful Being, that induſtriouſly employs itſelf, 
1 In g own endeayours, as well as by any occaſional aſliſtanee, to rectify 


== 
-+&F 
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„ Eu amiſs, and reſtore the diſtemper d body to its priſtine ſtate of 
th =. no 28497 232360 net Aon ai AETION...$ 1991 nc! 
_ os. T conceive chat the wiſe and beneficent maker of the world, in- 
eg that men ſhould, for the moſt part, live a conſiderable number of 
ina condition to act the parts aſſign'd them; he was pleas'd to 
31 human bodies ſo, that, with the ordioary ſuccours of reaſon, c. 
Ww Wa way in many caſes. recover a ſtate of health, if they. chance to be put 
„% irby les accidents, than thoſe, that God, in compliance with the 
„ ess of his general providence, did not think fit to ſecure them from, 
1 4 or ble them to ſurmount. Many things, therefore, that are commonly 
xi ad co nature, may be better aſcribed to the mechaniſm of the univerſe, 
u e human body. ri 
u, c cauſcs that diſorder the human frame, are oſten ttanſient, but the 
vo. re of the body itſelf, and the cauſes that conduce to the preſervation 
1 A ructurg are more ſtable and durable; and, on that account, may 
co: ehe engine to out · laſt many things that are unfriendly to it, as flight 
mo and diſeaſes. | 0 ne 5. O08 9 1HES 
al phenomena of diſeaſes may be illuſtrated, by ſuppoſing dirt 
ang Be into a vial of fair water, and then the vial to be well ſhaken ;: 
* che water will loſe its tranſparency, upon a double account; that 
or, dirt, whoſe opake particles are canfounded with it; and that of the 
yo s, which ſwim at the top of it: yet to purify this water, and make 
eeer its former tranſparency, there needs no particular care or deſign 
„ ee; but, according to the common courſe of things, after ſome time 
„ bles will break and vanith at the top, and the earthy particles, that 
ſopte 
tro 
in W 
adn 
s to! 
805 
r | 
Bs 4 either with preternatural concretions, or with a gap made by 
to a — 
14 which that juice, in the place and other circumſtances 'tis in, is 
Ve dt Thus not only wens and ſcrophulous tumors are nou- 
nowld {-!hapen mola's grow in the womb, as well as 
ry per in wounds, that fungus's are as well produced 
it altd to the wounded part, as the true 
1y exp! ſeems much miſtaken, if ſhe de- 
qual. ſuch ſuperfluousand inconvenient 
5 bodies; 
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Pn vsics. bodies; or the chirurgeon is much to blame, who induſtriouſly deſtry 
them. But, for ought appears, nature is not ſo ſhy and reſerv'd in}, 


not genuinely belong to the body, as to reſtore fleſh to wounded pan 
J have ſeen a woman, in whoſe forehead nature was careful to nouril 
growing upon her head, 'to avoid being impoſed upon. 

. confeſs?d, that nature alone does not work the cure; fo that the aphorii 
Nis, indeed, pretended, that even here nature is the principal agent, 


whoſe direction the phy ſic ian acts in ſubſervience to her deſigns; and g 


mit theſe aſſertions. | 


and thereby put ſeveral. of the ſolid parts into frequent and differing n 


or the latter to grow irregular ;z the engine is immediately out of or 
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bounty, but that ſhe ſends. nouriſhment, to repair as well things that; 
This appears by warts and corns, that grow again after they are cut. 4, 
horn, above an inch in length; which I fully examin'd, whilſt it Was, 

But there are many diſeaſes, as well acute as chronical, wherein, 


which makes nature the curer of theſe, is not true, but in a limited fer 


ſicians themſelves acknowledge, that they are but nature's miniſters. | 
us, therefore, ſee in what ſenſe it is fit, according to our doctrine, to: 


One great cauſe of the common miſtakes about this matter, is, that! 
body of a man hath been look'd upon rather as a ſyſtem of parts, wher 
moſt are groſs and conſiſtent; and not a few hard and ſolid too, tha: 
what indeed it is, a very compounded engine; that, beſides theſe pu 
conſiſt of the blood, chyle, gall, and other liquors ; and of more ſub: 
fluids, as ſpirits and air: all which are inceſſantly and variouſly mor: 


tions. When, therefore, the conſtitution, or the motions, that in a {mn 
body regularly belong to the fluids, happen, the former to be depri' 


tho? the groſs ſolid parts were not primarily affected: ſo, when by pry 
remedies the vitiated texture of the blood, or other juices, is correct | 
and the inordinate motions of them and the ſpirits are calm'd and redtif. 

the groſſer and more ſolid parts of the body, and ſo the whole animal fe 
nomy, will be reſtored to a more convenient ſtate. 

The phyſician, in my opinion, is to look upon his patient's body s! 
engine out of order, yet ſo conſtituted, that by concurring with thet WW 
deavours or tendencies of the parts of the machine, it may be brougm Gee 
a better ſtate. ' If, therefore, he find, that, in the preſent diſpoſition Pax 
the body, there is a propenſity to throw off the matter that offends ib 
a convenient way, and at commodious places; he will then act ſo s. 8 
comply with and further that way of diſcharge, rather than another. Ws 

if there be a great appearance that a diſeaſe will quickly have a cri? na t be 
ſweat, he will rather further it by covering the patient with vi. WAP 4 
clothes, and giving ſudorific medicines ; than, by endeavourin; * il th 


- 


carry off the peccant matter by purging or vomiting, unſeaſonably tu d! 
a diſcharge, that probably will be beneficial. And in this ſenſe men 1 nt PPC 
ſay, if they pleaſe, that the phyſicians are miniſters or ſervants of nau fa 


as ſea-men, when the ſhip ſails before a good wind, will not ſhift i = 0 
fails, nor alter the ſhjp's motion, becauſe they need not. But to 1 2 
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1 „ ide, to direct him by her example; that a great part of his care 
Y © is ner cry to hinder her from doing what ſhe ſeems to deſign ; 


: a bring to paſs other things very differing from, if not contrary to, 


1 e endeavours. 121 ee 
„ tho! nature, as tis call'd, importunately craves for drink in drop- 

4 the phy ſician thinks himſelf obliged to deny it; as he does what his 
1 * 
ſer 
A; 
Þ 

L 
01 
Att dy, ethers theſe motions, and other things, that he judges conducive to 
he: the are and recovery of it: but as to thoſe, that he perceives likely to 


an: be ul, either by increaſing the diſeaſe, or otherwiſe endangering the - 
pr. pati he thinks it his part to oppoſe or hinder, tho' nature manifeſtly 
ub: ſeeng endeavour to exerciſe or carry on thoſe hurtful motions. 

10% l! fear, the commendations which Hippocrates gives of nature, in 
gun the of diſeaſes, make many phyſicians leſs courageous and careful 
tha ſhould be, to employ their own skill, on ſeveral occaſions that 


ord ſome caſes, the phyſician relieves his patient in a negative way, by: 
pro} nature in her unſeaſonable or diſorderly attempts; ſo, in others, 
rec so it in a poſitive one, by employing medicines that either ſtreng- 
if. the parts, or make ſenſible evacuations of matter, neceſſary to be pro- 
len it them; or, by uſing remedies, that by their manifeſt qualities 


oppaiithoſe of the morbific cauſe. And, perhaps, in ſome caſes; the 
y it phyſi may, ina poſitive way, contribute more to the cure even of an 
Wiſcaſe, than nature herſelf ſeems able to do: for, if any ſuch me- 
ay be prepared by art, as Helmont affirms to be attainable from 
S's Ludus, by the alkaheſt ; or, as Cardan relates, that an empiric 
time, who travell'd up and down Haly, curing ſuch where-ever 
as were tormented with the ſtone of the bladder; the phyſician 
er. by ſuch inſtruments, perform that which, for ought appears, is 
erilst A de done by nature herſelf; ſince we never find that ſhe diſſolves a 


_ 'd ſtone in the bladder. Nay, ſometimes the phyſician does, even 
nig! the help of a medicine, control and over- rule this nature, to the 
b Wn d ſudden advantage of the patient, as in the caſe of ſwooning. 
Jen W ears from the whole, that ag there are ſome phenomena, which 

flavour the doctrine of the naturiſts, about the cure of diſeaſes; ſo 
"HP: others, that more manifeſtly agree with our hypotheſis. And both 
—e | It) einn „ine E eee 


d 4 * *twere, by accident, that the phyſician, in this caſe, obeys PavsIcs. 
| 2 ſpeak in hs language of the naturiſts ;) there are many other, . 
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Paysrcs. theſe ſorts of phenomena being conſider'd together, may well ſuggyq 
N ſuſpicion that the moſt wiſe and free author of things having frame; 

firſt individuals of mankind fo as to be fit to laſt for many years, ang, 
dow'd thoſe originals with the power of propagating their ſpecies, 
thence comes to paſs, that in the ſubſequent engines we call human bod. 
when neither particular providence, nor the rational ſoul, nor over. rah 
impediments interpoſe, things are generally perform'd according to mec 
nical laws and courſes; whether the effects and events of theſe prove c 
ducive to the welfare of the engine itſelf, or elſe cheriſh and foment ex; 
neous bodies or cauſes, whoſe preſervation and increaſe are hurtful ty; 
Hence the happy things referr*d to nature's prudent care for the rec: 
and welfare of ſick perſons, are uſually genuine conſequences of the me 
niſm of the world, and the patient's body; which effects luckily hay; 
to be co-incident with his recovery, rather than to have been purpoſely 
wiſely produced in order to it; ſince what is called nature, ſeems car; 
to produce, preſerve, and cheriſh things hurtful to the body, as vt 
thoſe beneficial to it. 

Thus not only worms, but frogs and toads, taken in their ſpawn, n 
corrupted water, have been cheriſh'd in the ſtomach,” till the eggs bv 
= compleat animals, have produced horrid ſymptoms in the b 

nd if, according to the receiv*d opinions of phyſicians, ſtubborn q. 
tans are produced by a melancholy humour ſeated in the ſpleen ; it my 
faid that nature ſeems to buſy herſelf to convert ſome parts of the 

chyle into ſo tenacious a juice, that, in many patients, notwithſtandiry: 
neighbourhood of the ſpleen and ſtomach, neither ſtrong emetics, pg 
nor other uſual remedies, are able, in a long time, to diſlodge, reſ 
or correct it. ttt 8 i olit Ie tou 18175 1219103, 'Y 

But the poiſon of a mad dog nature ſometimes ſeems induſtriou a 
Preſerve; for we have inſtances of a little foam convey*d into the 
by alight hurt, which, notwithſtanding; the conſtant heat and perſpi: 
make of the human body, and the diſſipable texture of the foam, {07 
ſerved, and ſometimes too for many years, that at the end of that tin 
has broke out, and diſplay'd its fatal efficacy with as much vigor and! 
as if it had but newly been receiv*d into the body. 

Thus tho* the, quantity of poiſon in the bite of the Tarant 
farce viſible, being communicated by the tooth of. ſo ſmall an a 
as a ſpider; yet, in many patients, tis preſerv'd during a great f. np 
their lives, and manifeſts its continuance in the body by annual paros)" alhalleld 
And a perſon of great quality complain'd'to me, that being in the ” ne 
the biting or ſtinging of a creature, whoſe offenſive arms were ſo 1 nh 
that the eye could very hardly diſcern the hurt, had ſo laſting an © 
upon him, that for about twelve years after he was reminded of hö? 
Chance, by a pain he felt in the hprrt place, about the ſame time of ra 
year that the miſchief was firſt done him. And in ſome hereditar" 
eaſes, as the gout; the falling-ſickneſs, c. nature ſeems te act as if ht 


with care and skill, tranſmit to the unhappy child ſuch morbific .. 
| . im i 
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| 4 eſſions of the parents, that, in ſpite of all the various alterations the PR sies. 


ly 


ss able to exert its power and malice, after forty or fifty years con- 
ent. | 
ce ſame manner, but with light variations, other &ioms about na- 
might be eaſily explain'd. f er 

c choꝰ we could not intelligibly explain all the particular axioms about 
and the phenomena of inanimate bodies, that are thought to favour 
6 hem by mechanical principles, it would not follow that we muſt therefore 
op the whole cauſe to the naturiſts. For we have already ſhewn, 
ee ſuppoſition of ſuch a Being as they call nature is far from enabling 
rrons to give intelligible accounts of theſe and other phenomena of 
eerſe. And tho? our doctrine ſhould be inſufficient to give a good 


1127 of things corporeal; yet a leſs degree of probability may ſerve 


F. 
- &£> 
2 
* o 

1 


cments employ'd but to juſtify a doubt, than is requir'd in thoſe 
eee to demonſtrate an aſſertion. | 
true, the naturiſts tell us, that the nature they aſſert is the princi- 
all motions and operations in bodies; which infers, that in explain- 
in we muſt have recourſe to her. | vt 
eefore we acquieſce in, or confidently employ this principle, it were 
vera we knew what it is: I therefore demand of thoſe who aſſert ſuch 
aas is vulgarly deſcribed, whether it be a ſubſtance, or an accident? 
I che latter, it ſhould be declar'd what kind of accident it is; how 
vy accident can have right to all thoſe attributes, and produce thoſe 
us and wonderful effects that they aſcribe to nature; and why a 
ex of ſuch accidents as are the mechanical affections of matter, may 
eogether as probably as that accident they call nature, be conceiv'd 
been inſtituted by the perfectly wiſe author of the univerſe, to pro- 
eſe changes among bodies which are intelligibly referable to them. 
bins be not brought to paſs by their intervention, *twere very fit 
d be inform'd by what other particular and intelligible means na- 
effect them better. 
if it be ſaid, as by moſt it is, that the principle call'd nature is a 
ce ; demand whether it be corporeal or immaterial? If it be 
rial, I further ask, whether it be created, or not? If not, we 
| d under another name, and our diſpute is at an end, by the re- 
oh ot its ſubject, which is ſaid by the ſchools to be God's vicegerent, 
noneged himſelf, But if nature be affirm'd (as ſhe is by all chriſtian 
ML pber 5) to be a created Being; I then demand whether ſhe be en- 
Ws ih underſtanding, ſo as to know what ſhe does, for what ends, 
ang what laws ſhe ought to act? If the anſwer be negative, the ſup- 
ot nature will be of very little uſe to afford an intelligible account 
AN gs. And if it ſhould be ſaid that nature is endowed with under- 
De, and performs ſuch functions as many of the ancients aſcribe to 
= Hof the world; this hypotheſis is near of kin to heatheniſm; and I 


wo think that they who ſuppoſe a kind of ſoul of the univerſe, will 


eer body paſſes thro? during the courſe of many years, this protected ]] ] 
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Physics. find this principle ſufficient to explain the phenomena of it. For th 

YN nature be admitted to have reaſon, yet a multitude of phenomena may}, 
mechanically produced, without her immediate intervention; as, we 
that in man, though the rational ſoul has ſonarrow a province to take 
of, as the humah body, and is ſuppoſed to be intimately united to alli 
parts of it; yet abundance of things are done in the body, by the mech 
niſm of it, without being produced by the ſoul. In ſleep, the circuly 
on of the blood, the regular pulſation of the heart, digeſtion, nutrity 
reſpiration, c. are perform'd without the immediate agency, or ſo ny; 
as the actual knowledge of the mind. And, when a man is awake, my 
things are done in his body, not only without the direction, but agi 
the bent of his mind; as often happens in cramps, and other convulſi, 
coughing, yawning, c. Nay, tho ſome brutes, as, particularly, ay 
have the ſtructure of many parts of their bodies very like that of the a 
reſpondent ones in men; yet that admirable work of the formation x 
organization of the foetus in them, is granted, by philofophers, u 
made by the ſoul of the brute, which is neither an incorporeal, nor a; 
tional ſubſtance. And even the human foetus, if we admit the gem 
opinion of philoſophers, phy ſicians, divines, and lawyers, is form'd yi 
out the intervention of the rational ſoul, that is not infuſed, till this h: 
obtain'd an organization, fitting to receive ſuch a gueſt ; which i 
8 to do, about the end of the ſixth werk, or before that of: 
ſeventh. 

If it be urged, that nature, being the principle of motion in boi: 
their various motions, which amount to a conſiderable part of their g 
nomena, muſt be explained, by having recourſe to her: I anſwer, 
very difficult to conceive how a created, immaterial ſubſtance, can, 
phyſical power, move a body; the agent having no impenetrable j: 
wherewith to impel the corporeal Mobile. God, indeed, who is an: 
material ſpirit, ought to be acknowledg'd the primary cauſe of motio 
matter; becauſe motion neceſſarily belongs not to corporeal ſubſtar 


at] 
to 


But, then, there is that infinite diſtance between the incomprehen; a kind of 


creator, and the leaſt imperfect order of his creatures, that we ougi! 
be very cautious how we make parallels between them; and draw | 
rences from his power, and manner of acting, to theirs: ſince he, 


dae Wir: 
— 
upon 


inſtance, can immediately act upon human ſouls, as having created ti tg ei 
whalſt they are not able ſo to act upon one another. And it ſeems! fd 
more difficult to conceive, that, if nature be an incorporeal ſubſtance,” in 


ſhould be the great mover of the mundane matter; becauſe ve 
that, in a human body, the rational ſoul, tho* vitally united to ib 


7 70 \ 


only determine the motion of ſome of the parts; not give motion toil g 
or ſo much as regulate it in moſt. And, if nature be ſaid to move bod nl 

in another than a phyſical way; I doubt, whether the ſuppoſition of ane 
a principle will be of much uſe to philoſophers, in explaining phenom mn 
I ſhould ſcarce think him a judicious phyſician, who imagines, th 
gives an intelligible and particular account of the ſurprizing ſymp "Uh 
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cry 
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e diſeaſes that many impute to witchcraft, when he ſays that Px snes. 
— are produced by a wicked immaterial ſpirit, cald a WY 


tis thought that the greater number of philoſophers, at leaſt a- 
the moderns, take nature to be corporeal: I therefore demand whe- 
WEcheſe philoſophers believe nature, tho corporeal, to act knowingly, 
. with conſciouſneſs of what ſhe does, and for deſigned ends; or elſe 
A blindly and neceſſarily moved and directed by a ſuperior agent, en- 
vich an excellent underſtanding ? on 
hc Carieſians would ask, how, if nature be a corporeal ſubſtance, we 
Wnceive her capable of thinking, and of being a moſt wiſe and provi- 
” 5 rector of all the motions that are made in the corporeal worldꝰ 
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a 2 philoſopher may juſtly demand, how a corporeal Being can fo 
| the univerſe, as to be intimately preſent with all its minute parts, 
pf *tis ſaid to be the principle of motion? | 


\\ may allo demand whence nature, being a material ſubſtance, comes 
1 iſ have motion, ſince motion does not belong to matter in irſelf ? 
3 or y is as truly a body when it reſts, as when it moves. If it be an- 
* that God at firſt put it into motion; I reply, that the ſame cauſe 


„ may probably be ſuppos'd to have put the unqueſtion'd mundane mat- 
ter i motion, without the intervention of another corporeal Being, in 

the e eption whereof as matter, motion is not involv'd. | 
g likewiſe be ask'd, how the laws of motion come to be obſerv'd, 
in'd, by a corporeal Being, which, as merely ſuch, is either un- 
of underſtanding them, or of acting with reſpect to them; or, 
is not neceſſarily endow'd with any knowledge of them, or power 
to:cemorm to them, and to make all the parts of the unqueſtion'd mundane 

, mattefdo ſo too? a 


ſee not how the taking in ſuch an unintelligible and undeſigning 


Will free our underſtandings from great difficulties, when we 

explain the phenomena of bodies. For if nature be a bodily 
a a and acts neceſſarily ; I ſee no cauſe to look upon it as other than 
nen 4 f engine: and the difficulty may be as great to conceive how all 


ug the 1 parts of this ſuppos'd engine, call'd nature, are themſelves 
v " e d moved by the great author of things, and how they act 
be, up another, as well as upon the undoubted mundane bodies; as 'tis 
Ache to ive how in the world itſelf, which is manifeſtly an admirably 


ems cane automaton, the phenomena may by the fame author be pro- 
. _ in conſequence of the primitive conſtruction and motions that he 
we | N without the concurrence of ſuch a thing as they call nature. 
b , as well as the world, being a corporeal creature; we cannot 
e that either of them act otherwiſe than mechanically. And it 


e bo i * tery ſuitable to the divine wiſdom to employ i lrea 
—_ A | ploy in the world, alread 

n of ' tran nd completed, the feweſt, and moſt ſimple means, by which-che 

000" Pena, deſign'd to be exhibited, could be produced. Nor need we 


wean h mov'd to hear ſome naturiſts ſay, that nature, tho? not an in- 
* U 2 | corporeal 
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Pays1cs. corporeal Being, is of an order ſuperior to mere matter. For who ein 


WY 


The uſe and 


clearly conceive an order, or kind of Beings, that ſhall be real ſubſtance, 
and yet neither corporeal nor immaterial ? Nor do I fee how the ſup 
ſition of this unintelligible, at leaſt unintelligent Being, tho? we ſhould 


grant it to have a kind of life or ſoul, will much aſſiſt us to ſolve phenomem. 


To draw, at length, towards a concluſion 3 what we have here deliver 
upon this ſubject, may, perhaps, do ſome ſervice both to natural philoſo. 
phy, and to religion. 


We have attempted to diſſuade philoſophers from often employing, ani | 


advantages of without great need, a term, which, by reaſon of its great ambiguity, an 


this inquiry. 


the little care taken by ſuch as uſe it, to diſtinguiſh its different acception, 


occaſions both a great deal of darkneſs and confuſion in what men ſay and | 


write about things corporeal ; and a multitude of controverſies, where 
really they wrangle about words. And this diſcourſe may, poſſibly, wen 
many from the fond conceit they cheriſh, that they underſtand or explai 
a corporeal ſubject, or a phenomenon, when they aſcribe it to natur: 


For to do that one need not be a philoſopher, ſince a peaſant may eaſily oo 


the ſame. 

A man has never well perform'd the part of a true philoſopher, till h 
circumſtantially or particularly deduces the phenomenon he conſiders by 
intelligible ways, from intelligible principles; which he will be conſtantly 
put in mind of doing, or diſcover that he hath not done, if by forbearing 
2 and ambiguous terms he endeavours to explain things by expre 

ons that are clear to all attentive readers. And this perſpicuous way 0 
philoſophizing ſhould be greatly recommended, by the valuable diſcs 


I 


the 


ſon 


1 


by 


veries which thoſe who employ'd it have happily made, in hydroſtatic | 


optics, anatomy, botanics, and many other parts of real learning. 
Our doctrine may alſo be ſerviceable to religion in three reſpects. 
And firſt, it may keep many, who were inclined to have an exceſſi 


veneration for what they call nature, from running into thoſe extravagant 
and facrilegious errors, that have been, upon plauſible pretences, embr: 
ced, not only by many of the old heathen philoſophers, but by ſeveri 
modern profeſſors of chriſtianity. | 

Secondly, it may conduce to juſtify ſome remarkable proceedings of d. 
vine providence, againſt thoſe who boldly cenſure it, upon the account d 
ſome things they judge to be phyſical irregularities z ſuch as moniters 
earth-quakes, floods, eruptions of vulcano's, famines, Sc. For, 4. 
cording to us, A 

1. God is a moſt free agent, and created the world, not out of nec} 
ſity, but voluntarily, having framed it as he pleaſed and thought fit at tit 
beginning of things, when there was no ſubſtance but himſelf, and con 
ſequently no creature to which he could be obliged, or by which he cou 
be limited, E | | | 

2. God having an underſtanding infinitely ſuperior to that of man, " 
extent, clearneſs, and other excellencies; he may rationally be ſupp® 
to have framed ſo great and admirable an automaton as the world, 3 r 
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the ſubordinate engines comprized in it for ſeveral ends and purpoſes, Pu vsics. 
ſome of them relating chiefly to his corporeal, and others to his rational x. 


5 creatures; of which ends he hath vouchſafed to make ſome diſcoverable 
d by our dim reaſon, whilſt others are probably not to be penetrated by it, 
a | but lie conceal'd in the deep abyſs of his unſearchable wiſdom. 
« 3. It ſeems probable that this moſt excellent and glorious Being thought 
0+ fit to order things ſo, that both his works and actions might bear ſome 
marks of his attributes, and eſpecially to ſtamp upon his corporeal works 
nd | WF ſome tokens or impreſſes of his divine wiſdom, diſcernible by the human 
nd} mind. | 
s, | 4. Upon this ſuppoſition it became the divine author of the univerſe to 
nd | ęive it ſuch a ſtructure, and ſuch powers, and to eſtabliſh among its parts 
en, ſuch general and conſtant laws as beſt ſuited his purpoſes in creating the 
in} Wworld, and to give theſe univerſal laws, and particular parts, or bodies, 
an ſuch ſubordinations to one another, and ſuch references to the ortginal fa- 
re. bric of the grand ſyſtem of the world, that, on all particular occaſions, 
o the welfare of inferior or private portions of it ſhould be only ſo far pro- 


WF vided for, as their welfare is conſiſtent with the general laws by him ſettled 
in the univerſe; and with ſuch of thoſe ends that he proposꝰd to himſelf in 
Fframing it, as are more conſiderable than the welfare of thofe particular 
creatures. 

5. The laſt ſervice that, I hope, our doctrine may do religion, is, to 
Finduce men to pay their admiration, their praiſes, and their thanks, di- 
Irectly to God himſelf; who is the true and only creator of the ſun, moon, 
earth, and thoſe other creatures that men call the works of nature. And 
Win this way of expreſſing their veneration of the true God, and their gra- 
titude to him, they are warranted by the examples of the ancient people 


of God, the MVaeclites; and not only by the inſpired perſons of the old te- 
e] Mament, but by the promulgators of the new, and even by the celeſtial 
oat} —pirits, who in the Revelation of St. Jobn are introduced praiſing and 
bn. thanking God himſelf for his works, without taking any notice of his pre- 


ven tended vicegerent, nature. 
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inanimate body ? 4. And laſtly, how far, and with what cautions, argu- 
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SE CT. I. 


Here propoſe to deliver my thoughts upon theſe four queſtions. | 
1. Whether, indefinitely ſpeaking, there be any final cauſes of thing 
corporeal, knowable to men? 2. Whether, if that queſtion be te- 
ſolv*d in the affirmative, we may conſider final cauſes in all ſorts of 
bodies, or only in ſuch as are peculiarly qualified? 3. Whether, or in 
what ſenſe, the acting for ends may be aſcribed to an unintelligent and 


ments may be framed upon the ſuppoſition of final cauſes? _ 

To begin with the firſt queſtion. Thoſe who would exclude final cau- 
ſes from the conſideration of the naturaliſt, ſeem to do it, either becauſe, 
with Epicurus, they think the world was produc'd by atoms and chance, 
without the intervention of a Deity 3 and, conſequently, that tis in vain to 
ſeek for ſuch cauſes: or becauſe, with Des Cartes, they imagine, that God 
being omniſcient, *tis raſh and preſumptuous for men to think they know, 
or can diſcover what ends he propos'd to himſelf, in his creatures. The 
ſuppoſition on which the Epicureans have rejected final cauſes, has been dil- 
allow*'d by the philoſophers of almoſt all other ſects; and ſome have writ 


ten ſufficient confutations of it: I ſhall, however, in the progreſs of 15 
Work, 


A Final Cauſes of Natural Things, _ 
IE work, make ſuch occaſional obſervations, as may ſerve to diſcredit ſo un- Pxysies. 
ZE reaſonable an opinion. But the Carte/ian argument having been ſo preva- LW 
ent among learned and ingenious men, I ſhall beſtow the more pains in the 
IT conſideration of that. | 
One thing, perhaps, that kept ſo great a philoſopher as Des Cartes, from 
allowing the conſideration of final cauſes in phyſics, was, that the ſchool- 
ZE philoſophers, and others, are apt to propoſe it too unwarily ; as if there 
vere no creature in the world, that was not ſolely, or chiefly deſign'd for 
the ſervice of man. And, indeed, I have ſeen a body of divinity, pub- 
liſh'd by a famous author, wherein he urges this argument for the an- 
Inihilation of the world; That ſince the world was made for the ſake of 
man, in his travelling capacity; when once man is poſſeſs'd of his ever- 
laſting ſtate of happineſs, or miſery, there will be no further uſe of the 
world.“ The opinion that gives riſe to ſuch preſumptuous and unwar- 
Fantable expreſſions, was, as I conjecture from his objection, very ſhocking. 
go Des Cartes; but the indiſcretion of men ought not to prejudice truth, 
rhich is not to be thrown away with the groundleſs conceits that ſome 
People have pinn'd upon it. 
Since then, I cannot cloſe in either with the doctrine of the Epicurcans, 
pr Carte/ians, I ſhall leave each party to maintain its reſpective opinion, 
Ind proceed to declare my own: but, to clear the way, tis neceſſary to 
Premiſe a diſtinction. | 
In ſpeaking of the ends which the author of nature is ſaid. to have in gin can, 
Wings corporeal, any of theſe four particulars may be ſignified. what they may: 
& Firſt, Some grand and general ends of the univerſe; ſuch as-exercifing 87» 
d diſplaying the creator's wiſdom ; the communication of his goodneſs, . 
d the admiration and thanks due to him from his intelligent creatures, 
Fc. And theſe ends, becauſe they regard the whole creation, I call the 
Piverſal ends of God, or nature. | 
Secondly, In a morereſtrain'd ſenſe, the ends defign'd in the number, 
bric, ſituation, and motion of great maſſes of matter, that make large parts 
W the world; ſince *tis very probable, that theſe bodies, ſuch as the ſun, 
Poon, fix'd ſtars, and the terraqueous globe, were ſo framed, and placed, 
not only to perſevere in their own preſent ſtate, but alſo to conduee to 
He univerſal ends of the creation, and the good of the whole, . whereof 
Pey are conliderable parts. Upon which accounts, theſe ends may be 
&$11ed coſmical, or ſyſtematical-;- as they regard the ſymmetry of thegreat 
yſtem of the world. 
Thirdly, ends that more peculiarly concern the parts of animals, and, 


ö 


Ir erhaps, plants too; or thoſe to which the particular parts of animals are 
= eſtined for the welfare of the whole creature, conſider'd as an entire. and 
The iſtinct ſyſtem of organiz'd parts, deſign'd to preſerve himſelf, and pro- 
di. este bis ſpecies, upon that ſtage to which his ſtructure, and circumſtan- 
__ determine him to act his part. And theſe ends, to diſtinguiſh them 
our en others, may be call'd animal ends. | 25 


Laſtly, 
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Paysics. Laſtly, The ſame expreſſion may ſignify another ſort of ends, which, 
LYN becauſe they relate particularly to man, may be called human ends, and 
are thoſe aimed at by nature, where ſhe is ſaid to frame animals, veget.. 


bles, Ec. for the uſe of man. And theſe ends may farther be diſtinguiſh 
into mental and corporeal, not only as man is an animal framed, like other, 
for his own preſervation, and the propagation of his ſpecies, but alſo as he 
is made to have dominion over other animals, and works of nature, and ft. 


ted to make them ſubſervient to his purpoſes. This diſtinction being thy 


ſettled, I declare my diſſent as well from the vulgar notion of final cauſe, 
which allows of none but thoſe we have call'd human ones, as from their, 
who wholly reject them all. 

*Tis an acknowledg'd principle of the Carteſian philoſophy, that then 
is always the ſame quantity of motion in the world“; becauſe, ſay they, 
there is no reaſon why God, who is immutable, ſhould, at the beginnig 
of things, have given ſuch a quantity of motion to matter as ſhould need u 
be afterwards augmented or leſſen'd. But do not thoſe who employ thi] 
negative argument take upon them to judge of the ends that God my 
have propos'd to himſelf in natural things? For without ſuppoling thu 
they know what God delign'd in ſetting matter in motion, *tis hard fi} 
them to ſhew that his deſign could not be beſt accompliſh*d by ſome 
times adding to, and ſometimes taking from the quantity of motion | 


original 


Sir T/aac Neroton makes it evident, that 
there is not always the ſame quantity of mo- 
tion in the world. The 93s inertiæ, ſays 
* that great philoſopher, is a paſſive prin- 
* ciple, by which bodies perſiſt in their 
« motion, or reſt; receive motion in pro- 
« portion to the force impreſſing it, and 
« reſiſt as much as they are reſiſted. By 
« this principle, alone, there could never 
& have been any motion in the world. 
« Some other principle was neceſſary for 
« putting bodies into motion; and now 
« they are in motion, ſome other principle 
is neceſſary for conſerving the motion. 
« For, from the various compoſition of 
« two motions, *tis very certain, there is 
4 not always the ſame quantity of motion 
« in the world. For, if two globes join'd 
« by a flender rod, revolve about their 
% common centre of gravity, with an uni- 
form motion, while that centre moves on 
« uniformly, in a right line, drawn in the 


« plain of their circular motion; the ſum 


« of the motions of the two globes, as of- 
« ten as the globes are in a right line, de- 
« ſcribed by their common centre of gravi- 
#* ty, will be bigger than the ſum of their 


te motions, when they are in a line perpen 
te cular to that right line. By this inſtuc 
« it appears, that motion may be got or lui 
« But by reaſon of the tenacity of fluit 
« and attrition of their parts, and the weil 
«« neſs of elaſticity in ſolids, motion is mud 
« more apt to be loſt, than got; and bi 
« ways upon the decay. For, 

« which are either abſolutely hard, 0: 
“ ſoft as to be void of elaſticity, will 
* rebound from one another. Impenet 
« bility makes them only flop. If tw! 
te equal bodies meet directly in vacuo, tht) 
« will, by the laws of motion, ſtop wit 
« they meet, and loſe all their motion 
« and remain at reſt ; unleſs they be el 
« tic, and receive new motion from tit! 
« ſpring. If they have ſo much elaſtidſ 
« as ſuffices to make them rebound wi 
« +, or 5, or 2 of the force with whi 
„ they come together, they will loſe 5 
or F, or + of their motion. And ths 
„may be tried, by letting two <q 
«« pendulums fall againſt one another fron 


equal heights. If the pendulums be of 
lead, or ſoft clay, they will loſe i 
or almoſt all their motions; it 2 
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5 iginally communicated to matter. And, I think, it may be worth conſi- PH sies. 
4 ering, whether by this doctrine of theirs, the Carteſians do not more take E 
2 pon them, than other philoſophers, to judge of God's deſigns. For, if a 
'4 nan be known for very wiſe, and to have various ways of compaſſing his 
rs, everal ends; he who, ſeeing ſome of thoſe ways have a direct tendency 
he Jo a rational end, ſhall conclude that end to be one of the number intend- 
fit d, thereby expreſſes more reſpect to that man, than he who ſhould con- 
ww lude, his end cannot be ſuch ; and that he has no other deſign knowable, , 
ſes xcept a certain general one. And, indeed, it ſeems more eaſy to know, 
ein hat a particular end, for which an engine is proper, may, among others, 
e intended by the artificer, tho? never ſo skilful; than to know negatively, 
hen hat he can have no other than ſuch a certain end. 
ey, And how will a Carteſian be ſure, that among the many ends he grants 
ling | od may have propoſed to himſelf, in the production of his mundane crea - 
du HNures, one is not, that we, whom he has made intelligent Beings, and capable 
thi f admiring and praiſing him, ſhould find juſt cauſe to do ſo, for the wiſ- 
may om and goodneſs he has diſplay'd in the world? Which attributes we 
that ould not well diſcern, and celebrate, unleſs we knew that the crea- 
eures were made for ſuch uſes, and that they are exceedingly well fitted to 
me hem. God's immutability is, indeed, alledg'd to prove, that the quantity 


ſtic bodies, they will loſe all but what 
they recover from their elaſticity. If 
it be ſaid, that they can loſe no motion 
but what they communicate to other 
bodies, the conſequence is, that in 
vacuo they can loſe no motion; but, 
when they meet, muſt go on, and pene- 
trate one another's dimenſions. If three 
equal round veſſels be fill'd, the one 


s mud} "with water, the other vi oil, and 
ad 1s1þ be third with melted*pitch; and the 
bod  MMiquors be ſtirred about alike, to give 
„ orv} them a vortical motion; the pitch, by 
will 0 its tenacity, will loſe its motion quick- 
ly ; the oil, being leſs tenacious, will 


keep it longer; and the water, being 
leſs tenacious, will keep it longeſt ; but 
yet will loſe it in a ſhort time. Whence 
it is eaſy to underſtand, that if many 
contiguous vortices of melted pitch, 
were each of them as large, as ſome 
ſuppoſe to revolve about the ſun and 
fix'd ſtars ; yet theſe, and all their 
parts, would, by their tenacity and ſtiff- 
neſs, communicate their motion to one 
another, till they all reſted among 
themſelves. Vortices of oil, or water, 
or ſome fluider matter, might conti- 


ms be nue longer in motion ; but, unleſs that 

| loſe . matter were void of all tenacity, and at- 

if of h frition of parts, and communication of 
Vor. II. 


« motion, the motion would conſtantly 
« decay. Seeing, therefore, the variet 
&« of motion which we find in the world, 
&« is always decreaſing, there is a neceſlity 
« of conſerving and recruiting it by active 
principles; ſuch as are the cauſe of gra- 
«« vity, by which planets and comets keep 
te their motions in their orbs, and bodies 
* acquire great motion in falling; and the 
* cauſe of fermentation, by which the 
* heart and blood of animals are kept in 
«« perpetual motion, and heat; the inward 
6 parts of the earth are conſtantly warm'd, 
and, in ſome places, grow very hot; 
bodies burn and ſhine; mountains take 
% fire; the caverns of the earth are blown 
« up; and the ſun continues violently hot, 
*« and lucid, and warms all things by his 
light. For, we meet with very little 
© motion in the world, beſides what is 
„ owing to theſe active principles. And, 
« if it were notfor theſe principles, the bodies 
* of the earth, planets, comets, ſun, and 
* all things in them, would grow cold, 
* and freeze, and become inactive maſſes ; 
and all putrefaction, generation, vege- 
© tation, and life, would ceaſe ; and the 
** planets and comets would not remain 
in their orbs.” Newton. Optic. p. 372, 
375. f | 1 


X of 


154 


PR ys1cs. 


A 


Final Cauſes of Natural Things. 


'Tis 


of motion never varies ; but to me tis not evident why God's having pax. 8 *" 
ticular ends, tho? ſome of them ſeem to require a change in his way os und, 
acting in natural things, muſt be more inconſiſtent with his immutability, ces, 
than his cauſing many things, decreed from eternity, to be brought to pak ne. 
in proceſs of time. And, particularly, it ſeems not clear, why God may MPerat 
not as well be immutable, tho' he ſhould ſometimes vary the quantity yes, 
motion in the world; as he is, tho*, according to the opinion of moſt Cay. | hem 
teſians, he daily creates multitudes of actuating rational ſouls, to uni: Wu"! 
them to lifeleſs human bodies. I ſay not this, as if Z abſolutely rejecte! ne o 
the Carteſian doctrine about the continuance of the ſame quantity of mot he ſu 
on in the whole maſs of matter. For whether that be true or not, *tisny | ] ele! 
unuſeful, or improbable hypotheſis; and I have not ſo much argued againit | nad 
that, as, upon the ſame grounds they argue for it. __ 
To come then to the thing itſelf; M. Des Cartes objects, that *tis 21 nd el 
preſumption in man to pretend he is able to diſcover the ends that the Þ lle, 
Omniſcient propoſed to himſelf in the making of his creatures. Now || WE 2 
conſider, by way of anſwer, that there are two very different ways dy 
wherein a man may pretend to know the ends of God in his viſtble works; F dnclu 
for he may either pretend to know only ſome of God's ends in ſome of hi An. 
works, or he may pretend to know all his ends. He who preſumes u] . 
diſcover God's ends, in this latter ſenſe, will ſcarce be excuſed from dem! 
high preſumption, and no leſs a degree of folly. But to pretend to kro. frar 
God's ends, in the former ſenſe, is no preſumption; and, to take notice 8 fat 
of them, rathera duty. For there are ſome things in nature, ſo curiouſly Þþ _ 
. contrived, and ſo exquilitely fitted for certain operations and uſes, that i = 
ſeems little leſs than blindneſs in him who acknowledges a moſt wile a. . 
thor of things, not to conclude, that tho? they may, perhaps, have ben ee 
deſign'd for other uſes, yet they were alſo defign'd for theſe. Thus he who | i 3 
conſiders the admirable fabric of the coats, humgurs, and muſcles of tie} Wc 
eye, andhow excellently all the partsare adapted to compoſe an organd | i * 
viſion, can ſcarce help confeſſing, that the author of nature intended i | is 
ſhould ſerve the animal, to which it belongs, to ſee with. The Epicurea, Mious 
indeed, who believe the world to have been produced merely by a cafulþ Þ uz 
concourſe of atoms, may have a kind ofexcuſe, which other philoſophers, þ 1? 4 1 
who acknowledge a deity, want. Thus, the very ſuppoſition, for in. War . 
ſtance, that a man's eyes were made by chance, argues, that they nee * ” 
have no relation to a deſigning agent; and the uſe that a man makesd m ne 
them, may be either caſual too, or.atleaſt an effect of his knowledge, not I Hanifef 
of nature's. But when, upon the anatomical diſſection, and the optic mot ; 
conſideration of this part, we find it to be as exquiſitely fitted for an orga Hat. ; 
of ſight, as the beſt artificer could haye framed a little engine, purpoſely I Ins; l 
deſignꝰ d forthe uſe of ſeeing ; it ſounds very harſh to ſay, that an artif- rks f. 
cer, who is too intelligent to do things by chance, or to make a curio — 
piece of work, without knowing to what purpoſe, ſhould not deſign it foi the f 
an uſe to which *tis wholly adapted. » Way of: 
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ris poſſible, indeed, he may have deſign'd more uſes of it than one; Pavsics. 
„ nd, perhaps, ſuch as we cannot find out: however, among its ſeveral CFYYV 
A ſes, this, to which we ſee it ſo admirably adapted, ſhould be thought 
ne. And I ſee not how it magnifies God's wiſdom, or expreſſes our ve- 
eration of it, to exclude from the number of his ends, in framing human 
4 yes, that moſt obvious and ready uſe, which, we are ſure, is made of 
hem ; and which they could not be better fitted for. Thus, ſuppoſe a 


ountryman, brought into the garden of a mathematician, ſhould there ſee 
x pne of thoſe curious gnomonic inſtruments, that ſhew, at once, the place of 
he ſun in the zodiac, his declination from the equator, the day of the month, 
pe length of the day, Sc. it would, indeed, be preſumption in him, whilſt 
1 Pnacquainted both with mathematics, and the ſeveral intentions of the 


rtiſt, to pretend himſelf able to diſcover all the ends for which ſo curious 
Ind claborate a piece was framed : but, when he ſees it furniſn'd with a 
ile, with horary lines, with numbers, and, in ſhort, with all the requi- 
tes of a ſun-dial ; and manifeſtly perceives the ſhadow to mark, from 
me to time, the hour of the day; twould be no preſumption in him to 
Include it a ſun-dial ; whatever other uſes it was deſign'd for. 
And I demand of' thoſe, who will not allow that any natural things 
e directed to ends knowable by men, whether, if the divine author of 
em had really deſign'd them for ſuch ends, the things themſelves are not 
framed and directed, as in that caſe they ought to be? And whether 
Me fabric and management of natural things do really countenance, or 
Wncradict our ſuppoſition ? 
For my part, I confeſs, I think it no diſparagement to the wiſdom of 
y agent whatſoever, to ſuppoſe his productions deſign'd for ſuch ends, 
Pong others, as they are excellently fitted for; unleſs itappear'd that ſuch 
Ns were unworthy the wiſe agent. But that cannot be juſtly ſaid in our 
e; ſince *tis not injurious to the divine author of things, to. believe. 
ſome of the ends, to which he deſtined ſeveral of his: corporeal 
rks, were to exert and communicate his goodneſs; and to receive from 
his intelligent creatures an ardent love, a high admiration, and an. obſe- 
tous gratitude for having diſplay'd ſo much wiſdom and beneficence in 
em. 
And, indeed, I can by no means aſſent to the aſſertion of Des Cartes, 
Wat none of God's ends in his corporeal works are more manifeſt than 
Hhers, but that all of them lie equally hid in the abyſs of the divine wiſ- 
m; for there are many of his creatures, ſome of whoſe uſes are ſo 
anifeſt and obvious, that the generality of mankind have in all ages, and 
Noſt in all countries, acknowledg'd them. And as to what he adds, 
at, in phyſics, all things ought to be made out by certain and: ſolid rea- 
ns; I anſwer, firſt, that I ſee not how God's deſigning. ſome of his 
orks for particular uſes, amongſt others, is inconſiſtent with the phy ſical 
counts of their creation. Thus, a man may give a mechanical reaſon 
the ſtructure of every wheel, and other part of a watch, and of their 
* of acting upon one another, when Reuth ſet together; and, in ſhort, 
| 2 


of 
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Pn vsres. of the contrivance and phenomena of the little machine; tho? he ſuppogs, 
. that the artificer deſignꝰd it to ſhew the hours of the day, and tho? he hy 
that uſe in view, whulſt he explains the fabric and operations of the watch, 
Secondly, I readily admit, that, in phyſics, we ſhould ground all we de. 

liver upon as ſolid reaſons as poſſible; but there is no neceſſity that thoj 

reaſons ſhould be always preciſely phyſical, eſpecially when we are treating | 


not of any particular phenomenon, produced according to the courſe ( 2 we { 
nature eſtabliſhed in our ſyſtem ; but of the firſt and general cauſes of th, Neft 
world itſelf: from which cauſes, I ſee not why the final uſes that appenn guat 
manifeſtly to have been deſign'd, ſhould he excluded. And to me *tis ni of it 


very material, whether in phy ſics, or any other ſcience, a thing be prov'dhy | Inde. 
the peculiar principles of that ſcience; provided it be firmly prov*d by? ſped 
common grounds of reaſon. And here let me obſerve, that the fundame.| MW 

tal tenets of Des Cartes's own philoſophy, are not prov'd by argumeas} Wrox 
ſtrictly phyſical ; but either by metaphyſical ones, the more general dictaa Þ deſig 
of reaſon, or the particular teſtimonies of experience. Thus, when, ſu 3} 
inſtance, he truly aſcribes to God all the motion that is found in matter, 
and conſequently all the phenomena that occur in the world; he prove 
not by a preciſe phyſical argument, that God, who is an immateril 
agent, is the efficient cauſe of motion in matter; but only hence, that 
ſince motion does not belong to the eſſence and nature of matter, matte 
mult owe its motion to fome other Being: and then *tis moſt agreeable 
common reaſon to infer, that ſince matter cannot move itſelf, but mul 
be mov*d by ſome other Being, that Being is immaterial ; ſince, othervik; 
ſome matter muſt, contrary to the hypotheſis, be able to move itfel, 


And when Des Cartes attempts to demonſtrate, that there is always tl! | e jul 
ſame quantity of motion in the univerſe ; and, conſequently, that as much | hart 
motion as one body communicates to another, it loſes itſelf ; he proves it | us 
by the immutability of God, which is not a ſtrict phy fical argument, bu | 


rather a metaphyſical one; as he had before prov'd, that God was ii} ce 
cauſe of all motion in matter, not by principles peculiar to phyſics, bu} 
by the common grounds of reaſon. 

But tho? Des Cartes ſpeaks very dogmatically and univerſally again 
mens pretending to know any final cauſe in natural things; yet I hat 
met with a paſſage in his writings, where he ſeems to ſpeak more cal þ 
tiouſly, and oppoſes their opinion, who teach, that God had nootherenÞ } 
in making the world, than that of being praiſed by men. His words at ing f 
theſe. ** *Tis ſelf-evident, that we cannot know the ends of God, unleb od m 
he reveals them tous; and ſuppoſing it morally true, that all thing 
«© were made to the end that we ſhould praiſe God for them; in which ſenle 
it may be ſaid, that the ſun was made to give us light; yet it would be 
very childiſh and abſurd to ſay, metaphyfically, that God, like a proul 
** man, had no other end in making the world, but to be prais'd by mel 
for it; and that the ſun, which is vaſtly larger than the earth, wi 
* wholly deſign'd to give us light, who inhabit but a very ſmall part of the 
** ſurfaceof the terraqueous globe.“ But he, at the ſame time, delivers tuo 

| 0! 


g 
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0 1 or three other things, wherein T cannot acquieſce. As, firſt, that ' tis ſelf. Payses, : 
a evident, we cannot know the ends of God, unleſs he himſelf reveals them Lu 
h Wo us. For what he here ſays to be ſelf-evident, is not ſo to the generality 


of mankind, or even of philoſophers ; and therefore I think it ought not 
to be barely aſſerted, but prov'd. In the next place, he does not ſhew how 


9 


1; | Wwe are obliged to praiſe God for his works, if God had no intentions that 


ve ſhould do fo, or that we ſhould diſcover none of the ends for which he 
the | geſign'd them. If a judicious man fhould fee a book written in ſome lan- 
ear | Iguage which he is an utter ſtranger to, and ſhould know nothing farther 
ot | of it than that "twas compoſed by a very intelligent phy ſician; he might 
by} ndeed conclude, that it was not written by chance; but could not, by in- 


Hpecting the book itſelf, be convinced that it was form'd with great skill 
nd kindneſs, and deſerv'd his praiſe and thanks, ſince he was unable to 
W:now any of the particular ends to which the ſeveral chapters of it were 
Heſign'd, and conſequently could not fee how well they were fitted to an- 
Ver ſuch ends. What Des Cartes ſays, that it is childiſh and abſurd to 
Mhink God had created the ſun, which is vaſtly bigger than the earth, only 
o afford light to a ſmall number of men, is fomewhat invidiouſly pto- 
Pos'd; for there are few eminent writers who confine the utility of the ſun 
Hirectly to its affording light to man: and the ſmall bulk of mankind 
Pught not to make it ſeem abſurd, that God may have had an eſpecial eye 
Fo their welfare in framing that bright globe; ſince that moſt excellent ma- 
Fhine, the human body, appears to be a more admirable thing than the 
Jun: beſides, the rational and immortal ſoul that reſides in it, is incompa- 
bly more noble than a thouſand maſſes of brute unorganized matter can 
e juſtly reputed. And ſince, in this very diſcourſe, our author confeſſes. 


much | What we may know the ends of God's corporeal works, if he reveal them 
ves | us; a chriſtian philoſopher may be allow'd to think the ſun was made, 
, bit | Wong other purpoſes, to enlighten: the earth, and for the uſe of man; 
is ih: | Me the ſcripture teaches, that not only the ſun and moon, but the ſtars of 


e firmament, which Des Cartes, not improbably, thinks to be ſo many 
ns, were made to give light to the earth, and were divided to all the na- 
Pons that inhabit it. Perhaps it were not raſh to add, that we may know 
dme of God's ends in things corporeal, without leſſening our veneration of 

is wiſdom, as we know ſome of them in other matters, of which the ſcrip- 
re furniſhes us with a multitude of inſtances; as particularly Job's ſacrifi- 
Eing for his friends, and the declar'd uſes of the Urim and Thummim : ſince 
od may, if he pleaſes, declare traths to men, and inſtru& them by his crea- 
ures and actions, as well as by his word. And thus he taught Noab by a 
Hin- bow, and Jonab by a gourd and a worm; and regulated the encampments 
df the Maelites by the guidance of a cloud, and a fiery pillar.. Laſtly, 
Des Cartes objects, that thoſe he diſſents from talk as if they look*d upon God 
$a proud man, who deſign'd his works only to be praiſed for them; but 
know not whether he herein ſpeaks ſo cautiouſly and reverently of God, 
he ought, and elſewhere uſes todo. For as humility, tho! a virtue in men, 


a 
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WY prog in a man, who is but a creature imperfect, dependant, and having 


othing of his own, which wou'd be none at all in the creator, who is in. 


h Wai 


o 


E 4 


a 7 * 
= 
© 4 


Final Cafes of Murad ; | 1 Dings. ; 
eaving impreſſions of his wiſtort and goodiiel , ab well eternal 112 & , 


Dy 
0 


1 e world, as intérnally upon the mind ? The bart conteiſip ation of | 
G — 0 


F \bric of the world, Without conſidering any part of it as deſtin 


= 


: Fife, and provident author and diſpoſer of things; finice we ſee the Ariſto- 
ans, notwithſtanding the extent, ſymmetry, and beauty of the world, 
» Penerally believed it to have been eternal. And tho! they did not allow it 
1: have been created by God, yet becauſe they aſſerted that anichals, plants, 
. act for ends z they were obliged to acknowledge 4 provident and pow- 
„ful Being, that thaintain'd and govern'd the univerſe, which they eall'd 
r. Nature; the' they often dangerouſly miſtook, by confounding this Bring 
. ich God himſelf; and at other times A of it N orenace, ith 
for Im; as in that famous axiom of Arifotle, % God and nature do nothing 
oe: in vain.” I acknowledge; therefore, that as I ſet a Ju value upon the 
11 | arleſian proof of God's exiſtence ; ſo I ſee ho teaſon why we ſhould give 
on | any other ſtrong argument, that proves ſs noble and important a truth; 
ei. Wpecially ſince the Carięſian way of conſidering the world, tho? very pro- 
r, indeed, to ſhew the greatheſs of God's power, does not, like the 
th. | Wy 1 plead for, manifeſt that of his wiſdom and beneficence. For while 
| arteſian only ſhews that God is adtnirably wiſe, upon the ſuppolitioh o; x 


z exiſtence ; the ſame thing is manifeſted in dur method, by the effect 


SECT. It. 


former term I here take in the larger ſenſe, to e only 


Il © ee e ads ot wn, 
f the inanimate bodies of the-univerſe, the nobleſt, and thoſe which 
fly deferve to be-confider*d on thi occaſion, are the ſun; planets; Sc, 

when men faw thoſe vaſt luminous globes, and eſpecially the ſun, to 


heat, and by their various revolutions to produce day and night, ſumner 


be winter, and the viciſſitudes of ſeaſons 5 they concluded that theſe mo- 
* were guided by ſome divine Being, and deſign'd for the benefit of man. 
ol ether this be a demonſtrative proof, I ſhall not now debate; but ſure 
"vided 27, arty thus much of probability with it, that in caſt a man' ſha] 
ters, Of the fabric of the celeſtial bodies was the production of an intelligent 


T divine agent, the irregular phenomena will not contradi& him; ſince 
. | there 


fi td cer- 
4 in uſes, may ſtill leave men unconvinced that there is any 11 gat, 


Niſdom as well as power, that cannot reaſonably be aſcribed to any other 
n a moſt intelligent and potent Being: ſo that by this means men may 
once be brought to acknowledge God, to admire him, ad fo Ae 


e ſoconſtantly and regularly about the earth, diffuſingthereon both light 


6 


1 


Wh Ef 08 1 proceed tothe ſecond queſtion, Wetter we ray con 

Wider fina! cauſes in all ſorts of bodies, or only in ſuch as are peculi- e e oj 
ay qualified? J muſt divide natural bodies into animate and inanimate. % engt in 
att, or ony 11 
als, but vegetables; tho' I ſhall not reject the opinion of thoſe 9 
unwilling to allow plants ſuch a ſoul or life, as is confeſſedly granted to 


| 
| 


Paysrcs. there is nothing in that fabric unworthy a divine author: and the motiqn, 
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allowing this hypotheſis to be poſſible ; when I conſider that we are m 


— 


ther purpoſes, they were made to illuminate the terreſtrial globe, and bri 
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and effects of the ſun and ſtars may well allow us to think, that, among o 


heat and other benefits to the inhabitants of it. So that the contemplatic 
of the heavens, which ſo manifeſtly declare the glory of God, may Juſth 
excite men both to admire his power and wiſdom in them ; and to retun 
him thanks and praiſes for the great advantages we thence receive. On th; 
other hand, it may be ſaid, that in bodies inanimate, whether the po:. 
tions of matter they conſiſt of. be greater or leſs, the contrivance is ven 
rarely ſo exquiſite, but that the various motions and occurſions of they 
parts may, without much improbability, be ſuſpected capable, after may 
eſſays, to caſt one another into ſeveral of thoſe circumvolutions call'dy 
Epicurus cus eds, and by Des Cartes, Vortices; which being once mad: 
may continue a long time, after the manner explain'd by the latter. By 


yet ſufficiently acquainted with the true ſyſtem of the world, nor uſual 
ſenſible how ſmall a part the terreſtrial! globe makes of the univerſe; lu 
apt to ſuſpect, that men often aſſign the ſyſtematical ends and uſes of th! 
celeſtial bodies upon ſlender evidence; concluding them made and mo 
only for the ſervice of the earth, and its inhabitants. And tho? I will 
deny that as we actually receive benefits by the eſtabliſhed order and motin 
of the heavenly bodies, ſo one of the ſeveral uſes intended by the author; 
nature, may particularly regard our ſpecies ; yet perhaps *twill not 
eaſy to prove, that ſome of thoſe bodies and motions are not rather inte 
ed for other purpoſes, than to caſt their beams, or ſhed their influes 
upon the earth: at leaſt, it ſeems probable to me, that the ſituations 
the celeſtial bodies do not afford, by far, ſo clear and cogent argumen 
of the wiſdom and deſign of the author of the world“, as do the bod 
of animals and plants. And for my part, I think I ſee more of admin 
contrivance in the muſcles of a human body, than in what we yet knont 
the aſtronomical world: and the eye of a fly, as far as appears to, 


ſeems to be a more curious piece of workmanſhip, than the body of ti 
ſun itſelf. 


As a noble inſtance of wiſdom and de- « if in the orbit of Mercury, *twouldpt 
ſign in the ſituation of the planets, take an « ſently exhale in vapour. For the why 
obſervation of the great Sir Iſaat Newton. « light, to which his heat is proportion 
« Thoſe planets, /ays he, have the greater « 1s ſeven times more teak in the ort 
« denſity, ceteris paribus, which are pla- -| © Mercury, than with us; and I wh 
4 ced neareſt the ſun. Thus Jupiter is „ found, by the thermometer, that 


4 more denſe than Saturn, and the earth « will boil with a heat ſeven times a8 

« more denſe than Jupiter. For it was « as that of the ſummer's ſun. Bu 
« neceſſary to place the planets at different matter of Mercury is, doubtleſs, fit" 
« diſtances from the ſun, that each might « heat; and therefore muſt be denſer 
receive a greater or a leſs degree of his * that of our earth: ſince all denſe mu 
% heat, according to its denfity. If our requires a greater degree of heat, to 


«© earth were placed in the orbit of Saturn, | form the operations of nature.“) 
the water of it would be frozen up; and | ton. Princip. p. 372. 
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As for other inanimate bodies, the matter whereof ſeems unorganiz'd, Pays1cs. 
o' there be no abſurdity in ſuppoling that theſe were alſo made for diſtinct: 
Ind particular purpoſes, if not alſo for human uſes ; yet moſt of them are 
f ſuch eaſy and unelaborate textures, as to make it ſeem poſſible that va- 
Sous occurſions and juſtlings of the parts of the univerſal matter might, at 
ne time or other, have produced them: ſince we ſee that in ſome chy- 
ical ſublimations and cryſtallizations of mineral and metalline ſolutions, 
Ind other phenomena, where the motions appear not to be particularly 
Juided and directed by an intelligent cauſe, bodies of as various textures 
& thoſe are producible. | 

If it be ſaid, that ſuppoſing chance, or any thing elſe, without the par- 
ular guidance of a wiſe and all-diſpoſing cauſe, can make a finely ſhaped 
one, or a metalline ſubſtance, growing, as ſilver ſometimes does, in the 
Irm of a plant; ought we not to allow that chance may alſo make vege- 
bles and animals? I can by no means grant the conſequence. For there 
e ſome effects ſo eaſy, and readily to be produced, that they do not infer 
y knowledge or intention in their cauſes ; whilſt there are others that re- 
ire ſuch a number and conjunction of conſpiring cauſes, and ſuch a con- 
Wued ſeries of motions or operations, that *tis utterly improbable they 
Would be produced without the ſuperintendency of a rational agent, wiſe 
d powerful enough to range and diſpoſe the ſeveral intervening materials 
d inſtruments, in a manner neceſſary to produce ſuch a remote effect: it 
Will not therefore follow, that if chance could produce a ſlight contexture 
a few parts of matter, we may fafely conclude it able to produce ſo ex- 
iſite and admirable a contrivance, as that of the body of an animal. 
hat does it argue then, if ſometimes, in ſawing pieces of variegated 
Irble, we happen to meet with the delineations or pictures of towns, 
ads, and men? For, beſides that the delightfulneſs and rarity of ſuch 
Wt acles inclines the imagination to favour them, and to ſupply their de- 
z would any wiſe man conclude from hence, that a real town-orwood, 
Mh leſs numbers of men, ſhould be made by ſuch a fortuitous concourſe 
We matter? What compariſon is there betwixt the workmanſhip that 
Ins to be expreſs'd in a few irregular lines, drawn upon a plane, with 
haps two or three colours luckily placed, and the great multitude of 
ves, veins, arteries, ligaments, tendons, membranes, bones, glands, 
required to compoſe a human body; every one of the numerous parts 
orion ereof muſt have its determinate ſize, figure, conſiſtence, ſituation, 
nexion, &c. and many, or all of them together, conſpire to exerciſe 


that A perform determinate functions and uſes? And indeed I never ſaw any 
mes 25 nimate production of nature, or, as they ſpeak, of chance, whoſe 
- = trwance was comparable to that of the meaneſt limb of the moſt deſpi- 
"denſer PIE animal; nay, there is infinitely more art-expreſs'd in the ſtructure of goigent mar; 
denſe a og's foot, than in that of the famous clock at Strasburg. of defign in the 
heat, to And tho* the paw of a dog be far inferior in its ſtructure to the hand of H rusture / the 


F Vor I. even this is inconſiderable, if compared to the eye; the ſeveral . = 
ol. II. — | | 
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Paysrcs. parts whereof, how numerous ſoever, could none of them be ſpared ,, 
\SYYL/ alter'd, unleſs for the worſe ; as may appear from thoſe many diſeaſes ob. 
ſerv*d in that ſmall admirable organ: for each of thoſe diſeaſes conſiſts i 
this, that the humours, or other parts of the eye, are brought to a ſtaꝶ 
different from that whereto nature had deſign'd it. Twould be tediqu, 
to enumerate the ſeveral diſtempers of the eye; wherefore I ſhall on 
mention two or three particulars, wherein one would ſcarce imagine thy 
a ſmall receſs from the natural ſtate could bring any conſiderable or {«. 
ſible inconvenience. That which we call the pupil, is not a ſubſtantil 
part of the eye, but only an aperture of the uvea; almoſt perpetuah 
changing its bigneſs, according to the different degrees of light the «| . 
chances to be expoſed to. And therefore, it ſhould ſeem, that whilſt thy} 
hole remains open, it performs its office, by giving entrance to the inc. 
dent rays of light. And yet lately ſaw a woman, who, after a feve, | 
was not able to dilate the Pupillæ of her eyes, as before; and tho? the 
were but very little narrower than ordinary, yet ſhe complain'd ſhe ht 
thereby almoſt loſt her ſight: The preternatural conſtriction of the pui 
is indeed no frequent diſtemper ; yet phy ficians have given it a place amoryÞ 
the ſtated diſeaſes of the eye. And, on the other ſide, tho' a compete 
wideneſs of the pupil be requiſite to a clear and diſtinct viſion ; yet if i 
dilatation exceeds the due limits, there is thereby produced a diſtemyeÞþ 
worſe than the former; becauſe it often almoſt totally deprives the pati 
of ſight. It may ſeem alſo but a flight circumſtance, that the tranſparnſ 
coats of the eye ſhould be devoid of colour; and of as little moment, uuf 
the cornea ſhould be very ſmooth, provided it remain tranſparent: t 
when either of theſe circumſtances is wanting, the ſight may be greatly: 
tiated. Thus we ſee, that in the yellow jaundice, the adventitious color! 
wherewith the eye is ting*d, makes the patient think he ſees many obs a 
yellow, which are of a contrary colour. And I know a gentleman, wiv 
having had a fmall puſtule excited and broken upon the cornea, tho! ti: ® 
eye has long been cicatriz*'d; yet a very little inequality or depreſſion, 
that ſtill remains upon the ſurface of that tranſparent coat, ſo affects lin, 
that when he comes into the open fields, or the ſtreets, he for a pretty lit 
thinks he ſees objects very glaring, and as many others as men uſua)ly 
ſtones at the bottom of clear water: which I impute to the want of u 
formity in the refraction of thoſe reflected rays of light, that fall upon 
unequal ſurface of the cornea. To give a further proof, that the eye 
made with deſign, I ſhall here take notice of an obſervation or two, ui 
do not occur in the diſſection of that part, and are therefore often unobſt 
ved by anatomiſts. | 
I have found in frogs, that, beſides thoſe parts of the eye which tif 
. have in common with men, dogs, cats, and moſt other animals, there" 
a peculiar membrane or cartilage, which is not commonly perceiv': 
wherewith they can at pleaſure cover the eye, without too mud; 
' hindering the ſight, becauſe the membrane is both tranſparent and {tro 


| . 
ſo that it may paſs for a kind of moveable cornea, or occaſional ſafe· gui 
| | n 
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4 deſign'd to paſs their lives in watery places, which, for the moſt part, 
bound in plants, endow'd with ſharp edges, or points; and the progreſ- 


yes were not provided with ſuch a caſe, he muſt either ſhut them, and ſo 
eap blind-fold ; or, by leaving them open, muſt run the risk of having 
Whe cornea cut, prick'd, or otherwiſe offended ; whilſt this membrane, as 
as faid, is like a kind of ſpectacle, that covers the eye, without taking 
ay the ſight : and as ſoon as the occaſion for it Is over, the animal with- 
Draws ic into a little cell, where it reſts till its uſe be again required. This 
eembrane becomes viſible, by applying the point of a pin, or any ſuch 
| Warp thing, to the eye of a frog, whilſt his head is held ſteady; for to 
Wren his eye, he will preſently cover it therewith, .and afterwards with- 
raw it, upon a removal of the ſuſpected danger. And becauſe many 
Wirds are deſtin'd to fly among the branches of trees, and buſhes ; leſt, 
y this means, the prickles, twigs, leaves, Sc. ſhould wound or offend 
Weir eyes, nature hath alſo given them ſuch another kind of horny mem- 
Prane, as we find in frogs. 
Tis known that men, and moſt four- footed beaſts, and birds, have ſe- 
Weral muſcles belonging to their eyes, by the help of which, they can turn 
hem any way; and ſo obvert the organ of ſenſe to the object. But na- 
dre, not having given that mobility to the eyes of flies, ſhe, in recompence, 
rniſhes them with a multitude of little protuberant parts, finely rang'd 
don the convex of their large bulging eyes: ſo that by means of theſe 
merous little ſtuds, numberleſs rays of light are reflected from objects pla- 
on either hand, above or beneath the level of the eye, and conſequently 
Al upon that organ, to render the objects they come from, viſible to the 
#7 © umal ; and by the help of a good microſcope, and a clear light, ſome 
0 th 8 adreds of theſe little round protuberances may be diſcover'd, curiouſly 
Mo, Pg'd, on the convexity of a ſingle eye of an ordinary fleſh-fly. 
: tin, | But ſome may here pretend, that all organs of ſight ought to be con- 
| rm*d to thoſe of men; theſe being the beſt and moſt perfect. And, 
deed, man being juſtly reputed the moſt perfect of animals, it is not 
ange he ſhould preſume, that his eyes, and other parts of his body, are 
e beſt contriv d of any to be found in nature; yet we cannot, from hence, 
Wicly conclude, that all eyes, which, in other animals, are of different ſtru- 
Wures from thoſe of man, ſhould, for that reaſon, be defective. For, 
rſt, the admirable wiſdom diſplay*d by the author of nature, in fitting the 
yes, and other organical partsof animals, to their ſeveral uſes, and the 
ſpective functions we ſee them exerciſe, may juſtly perſuade us, that the 
ings whoſe reaſons and uſes we do not alike diſcern, are, nevertheleſs, 
Wot wiſely conſtituted : God having too much knowledge to do any thing 
JN >kilfully ; and we having too much preſumption, if we ſuppoſe he had no 
ss in framing his creatures beyond the reach of our diſcovery. And, 
endly, the eye is not to be conſider'd abſtractedly, as an inſtrument of 
po . viſion; 


o the eye. In furniſhing frogs with this ſtrong membrane, the providence Pa ys1es. 
Mer nature ſeems very conſpicuous ; for, they being amphibious creatures, .. 


ve motion of this animal, being not by walking, but by leaping, if his 5 
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Pays1cs. Viſion; but as an inſtrument belonging to an animal, that is to make uſe oſ 
it in particular circumſtances. And therefore it ought highly to recon. 
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mend the wiſdom and providence of the great author of things, that , 
has furniſh*d various ſpecies of animals with organs of ſight, very differ. 
ently framed and placed; fince this diverſity nobly manifeſts his great pro 
vidence and knowledge, in having ſo admirably ſuited the eyes of all ani 
mals, both to the reſt of their bodies, and to thoſe parts of the great the. 
atre of the world, on which he deſign'd they ſhall live and act. Thu, 
tho? ſeveral beaſts, as horſes, oxen, Sc. have their eyes furnifh'd with: 
ſeventh muſcle, beſides the fix they ſhare in common with men; we muß 
not conclude that either the organs of viſion are imperfect in men, or thy} 
thoſe of theſe beaſts have ſomething ſuperfluous : for they being to feet, 
for the moſt part, on the graſs of the field; and that they may the bets] 
chuſe their food, being obliged to turn their eyes, for a long time tog. 
ther, downwards; the ſeventh muſcle excellently ſerves them for that pur 
poſe, by enabling them to continue unwearied by ſuch a poſture ; wil 
man, who has no ſuch neceſſity of looking aſſiduouſſy downwards, would 
be only incumber'd by a ſeventh muſcle. 

On the other hand, the deficiency obſervable in the eyes of ſome ai} 
mals, compared to thoſe of man, may be aſcribed to the juſt contrivan 
of nature, that, on moſt occaſions, declines doing what is unneceſſary 
the particular ends ſhe aims at in the fabric of a part. Thus moles, be 
ing deſtin'd to live, for the moſt part, under ground, have their eye 
little, in proportion to their bodies, that tis commonly believ*d they har 
none at all; but tho* I have found the contrary, yet their eyes are 
different from thoſe of other four-footed beaſts z which need not be yo 
der'd at, conſidering that nature defign'd theſe creatures to live und: 
ground, where ſight is of no uſe, and where large eyes would be more u 
pos'd to danger; beſides, their ſight, as dim as it is, ſerves them to pt 
ceive when they are no longer under ground; which ſeems to be the mo! 
neceſſary intelligence they want from their eyes. | 

*Tis obſerved, that the organs of viſion in a camelion are of a very ut 
common ſtructure, ſince, to omit other conſiderable peculiarities, his! 
often move independently on each other; ſo that, for inſtance, he can lo 
directly forward with the right eye, and at the ſame time directly bad 
ward, towards his tail, with the left; or may turn the pupil of the form 
ſtrait upwards, whilſt the other is turn'd directly downwards. This paw 
liar power ſeems to have been granted him by providence, that as he 
ve y low animal, and deſtin'd to live, for the moſt part, in trees au 
buſhes, and there to feed chiefly on flies; he may perceive them, wii 
way ſoever they chance to come, within the reach of his tongue, which 
being of a great length, he ſuddenly darts out, and therewith catches 

ah A . 

Many fiſh have the cryſtalline humour of their eyes almoſt ſpheri"\ 
and conſequently much rounder than it is found in man, and other ter 
ſtrial animals. And this difference of figure, tho? it would be inconveni | 
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ne air, thro' which they paſs to our eyes; twas fit their cryſtalline hu- 


q our ſhould be of that figure, to refract the rays already refracted by the 


„ eater, and thereby make them converge, ſo as to paint the images of ob- 
i- eas at the bottom of the eye. 

c-\ WF Should a perſon of curioſity ſurvey and conſider the various ſt ructures 
8, | ff the organs of viſion, in different animals, and compare them with the 


W cher parts of the reſpective animal; the ſcene he is deſign'd to act on, 
nd the uſes each of them is to make of his eyes, in the moſt ordinary cir- 
Fumſtances; he might, doubtleſs, offer a probable reaſon of the differ- 
Inces in thoſe organs, which, to a common obſerver, would ſeem to be 
rrors, or defects in nature. Thus, tho? the pupil of the eye be oblong in 
orſes, oxen, and ſome other quadrupeds, as well as in cats; yet, in the 
Sor mer kinds of animals, it lies tranſverſly from the right ſide of the eye 
Mo the left, whilſt in cats its ſituation is perpendicular; for horſes and oxen, 
Peing uſually obliged to find their food on the ground, they the more con- 


— — — 
wy 


eniently receive the images of the graſs, Sc. in a horizontal view, by 
aving their Pupillæ tranſverſly placed; whillt cats, being to live chiefly 
In rats and mice, which are animals that uſually climb, and run upon 
Weep places; the moſt commodious ſituation of Their pupil for diſcover- 
Ig and purſuing theſe objects, is the perpendicular. But, to proceed: 
e different ſtructures, and ſituations of the eye, in different animals, 
onderfully ſhew a great variety in the skill of the divine author. And, 
adeed, if I might preſume to gueſs at any of God's ends, that are not 
anifeſt; I ſhould think that the delightful variety, we may obſerve, not 
ly in animals themſelves, conſider'd as entire ſyſtems ; but in thoſe parts 
chem which appear deſtin'd for the ſame function; as particularly, that 
"We organ of viſion was deſign'd, at leaſt, among other ends, to diſplay the 
Neat creator's manifold wiſdom, and to ſhew that his skill is not confined 
ther to one ſort of living engines, or in their parts of the ſame kind, to 
2 ſame contrivance; but is able to make a multitude of ſurprizing or- 
ans, all of them curious, and exquiſite in their kind, with regard to 
heir different uſes. | 
To be able to frame clocks and watches, ſhips, mills, &c. manifeſts a 
Er greater skill in an artificer, than the power of making but one of thoſe 
is per engines, how perfectly ſoever he contriv'd it. And the ſame ſuperiority 
s he b ef knowledge would be diſplay'd, by contriving engines of the ſame kind, 
tees u r for the ſame purpoſes, after very different manners. 
„ WII Thus weights are of great uſe and neceſſity in the famous clock of Stra/- 
wia rg; and therefore it recommends the contrivers of watches, that they give 
ches hem a very little and portable bulk, which is wanting in the Strasburg ma- 
{Eine ; and ſtill more, that they can make a clock without weights, and 
jheric\fWubſtirute a ſpring to perform their office. 
er ter And thus tho? it ſeems abſolutely neceſſary that an animal ſhould be fur- 
yen iind with feathers in order to fly, yet the wiſe creator hath ſhewn, that he is 


not 


or us, is very well accommodated to them; ſince they, living in the wa- Pays1cs. 
er, which, as a thicker medium, much more refracts the rays of light tan 
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imaginary 


Being. 


Pays1cs. 
SYN move a great way in the air. And the Indies have lately afforded a #0; Ml 


Final Cauſes of Natural Things. 4 


o 1 . 


not confined to apply them for that purpoſe ; ſince a flying-fiſh is able t ä 3 


of flying ſquirrels, one whereof I ſaw, alive, at Vbiteball. And tho' th i 
flight of theſe is ſmall, yet there is another kind of animal, without fez. e] 
thers, that long continues upon the wing, and that is the bat; ſome wherey il 
I have ſeen but little leſs than hens: and was aſſur'd, by a credible eye. XZ 
witneſs, that, in the kingdom of Golconda, he had ſeen much bigger, 
This conſideration is alone ſufficient to juſtify the wiſdom of the cr | 
ator ; who, being a moſt free, as well as a moſt wiſe agent, men ough 
not to find fault, if he think fit to recommend his wiſdom, by diſplayin 
it in very different manners: tho? there are many caſes wherein the 1; 


perfect fabric, or ſituation, of an eye, or other organical part, may be mon | oſe 
convenient than the correſpondent organ of man, to obtain the ends u ones 
which it was given to an animal deſign'd to act upon its reſpective ſtag, , 

and live by its peculiar proviſion. Beſides, an organical part may, iner 


ſome animals, be intended for more uſes than in others; and, therefor, apes 
require a different ſtructure: as, in moles, the feet are differently frame ore 
or ſituated, from thoſe of other quadrupeds; becauſe the chief uſe the Make 
are to make of them, is not to walk upon the ground, but to dig then or th 
ſelves ways under it; provident nature wiſely ſuiting the fabric of th! 
parts to the uſes wherein they were to be employ*d: as, a mechanic en ey di 
Pop one contrivance of his wheels, pinions, &c. when he makes a mill enſel 

riven by water; and another, when it is to be mov'd by the win nſiſt 
The camelion has a tongue, both peculiarly ſhaped, and of a length. as 
proportionate to that of his body; becauſe, as we before obſerved, ki 
to take his prey, which are flies, by ſhooting out that inſtrument ; a 
could not often, otherwiſe, approach very near them, without frightig Pear. 
them away. And, in many caſes, where this reflection does not ſo pu] 
perly take place, we may obſerve, there is a wonderful compenſaiu 
made for that which ſeerns a defect in the parts of an animal, of a pf, 
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ticular ſpecies, compar'd with the correſpondent ones of an animal if Not 
ſome other ſpecies. Thus birds, which want teeth to chew their toi haps 
are not only furniſh'd with hard bills to break it; and, birds of prũi me! 
with crooked ones to tear it; but, which is more conſiderable, have cr e 
to prepare and ſoften it, and very ſtrong muſcular ſtomachs, to digeſt alſhe*<< a 
grind it: in which work, they are uſually aſſiſted by gravel, and li : th 
ſtones, that they are led, by inſtin&, to ſwallow ; great quantities whe» © 
of are often found in their ſtomachs. = 

And let it be here obſerv*d, that chance is really no natural cauſe, 4M makir 
agent, but a creature of man's own making. For the things that aW-* * ſhe 
done in the corporeal world, are really done by the parts of the univeri > 4c 
matter, acting and ſuffering according to the laws of motion, eſtabliſ , Vatet 
by the author of nature. But we men, looking upon ſome of theſe pal 7 


as directed in their motions by God, or nature, and as diſpoſed to i 
attainment of certain ends; if, by the intervention of other cauſes, th 


we are not aware of, an effect be produced, very different from that whis 
, . 


ſes tO pe 
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at in our apprehenſions the phy ſical cauſes of an effect did not tend to 
1. F he production of what they have, nevertheleſs, produced. And there- 
rel wonder, that the philoſophers who preceded Ariſtotle, never treated 

f chance among natural cauſes. ; 
And as ſome ſtones of the moſt curious ſhapes, have embolden'd many 
vourers of Epicurus to ſet them in competition with thoſe animals, or 
arts of animals, from their likeneſs whereto they have receiv'd their 
in | James; we ought to conſider, that ſeveral learned men have, of late, 
ade it very probable, that theſe ſtones were once really the animals, or 
oſe parts of them which they reſemble, and were afterwards turn'd into 
ones by the ſupervention of ſome petreſcent matter, or petrify ing cauſe. 
nd, allowing ſome of theſe ſorts of ſtones to be the production of the 
ineral kingdom; yet it would not clearly follow, that they owe their 
Wapes to chance, ſince tis no abſurdity to admit ſeminal principles in the 
Wore elaborate ſorts of foſſils. However, I think it very injurious to 
Wake theſe productions rival the animals to which they are compared. 
Wor the ſhape, in which alone they and the animals agree, being an exter- 
WW! thing, is not worthy to be mention'd, in compariſon of that wherein 
ey differ; the rude and ſlight texture of the beſt ſhaped ſtone being im- 
enſely inferior to the internal contrivance of an animal; which muſt 
nfiſt of a multitude of parts of a determin'd figure, bulk, ſituation, 
g. as is obvious to thoſe who have ſeen diſſections skilfully made. And 
not only in the firm and quieſcent parts that this great interna! diffe- 
ce between ſtones, and the animals they refemble, is to be found: there 
pearsa far greater difference between a living animal, and a ſtone, than 
che anatomical knife can ſhew us betwixt a dead one, and a ſtone, tho? 
ſo curiouſly figured, For there are numberleſs liquors, ſpirits, dige- 
s, ſecretions, coagulations, motions of the whole body, of the limbs 
ocher parts, which are lodg'd and perform'd in a living body, and are, 
ps, more admirable than the ſtructure of the ſolid and quieſcent parts 
zmiclves: ſo that, tho? a ſtone, in external appearance very like a ſhell- 
LP veremade by chance; yet fromthence to conclude, that chance may 
ake a living ſhell-fiſh, would be to argue worſe than he who ſhould pre- 
d, that becauſe an unskilful ſmith may make a hollow piece of metal 
ea watch-caſe;z and fill it with ſome rude ſtuff, he muſt therefore, be 
le to make a watch; for there is leſs difference betwixt the skillexpreſſed 
making the caſe of a watch and the movement, than in making a body 
e a ſhell,” and the internal parts of a real fiſh: or, that becauſe putrefa- 
lon and winds have ſometimes made trees hollow, and blown them into 
e water, where they ſwim like boats; therefore the like cauſes may make 
regular galley, according to the laws of naval architecture, man it, 
er it, excite and guide all its motions to the beſt advantage, for the pre- 
rvation, and various uſes of the veſſel. In ſhort, if chance ſometimes 
es ſtrange things, tis in regard to what ſhe herſelf, not to what nature 
les to perform. | And 
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e ſuppoſed was intended; we ſay that effect was produced by chance: PrysI1cs, 
chat chance is indeed but a notion of ours, and ſignifies no more than LYWNU. 
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idee naturaliſt may draw arguments from the ends and uſes of the parts 


Revelation al- g . n ca g 
Jows us to ſpeaF grounds; but if revelation be admitted, we may rationally believe mor. 


more poſitively and ſpeak leſs doubtfully of the ends of God, than bare philoſophy vi; 


* — —_— warrant us to do. For if God is pleas'd to declare any thing to us ca 


philoſophy. 
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And now, to give my thoughts upon the ſecond queſtion: 1. I thin 


living bodies, provided he proceeds herein with due caution. 2. Tis n 
opinion, that the inanimate bodies here below, proceeding not from ſen; 
nal principles, have but a more ſlight texture; ſuch as earths, liquoy, 
flints, pebbles; and will not ſufficiently warrant reaſonings drawn fro 
their ſuppoſed ends. 3. It ſeems to me, that the celeſtial bodies abundani 
declare God's power and greatneſs, by the immenſity of their bulk, an, 
if the earth ſtand ſtill, the celerity of their motions ; and alſo argue 
wiſdom, and general providence, with regard to them : becauſe he 
for ſo many ages, kept ſuch a variety of vaſt vortices, or other maſſe; 
matter in motions immenſely rapid, without permitting them to deftry 
one another, or loſe their regularity. And I ſee no abſurdity in ſuppoſiy 
that, among other uſes of the ſun, and of the ſtars, the ſervice of m 
might be intended; tho? I doubt whether, from the bare contemplationy ® 
the heavens, and their motions, it can be cogently inferr*d, that the ch 
end of them all is to enlighten the earth, and bring benefits to the cm 
tures that live upon it. 

Hitherto I ſuppoſe the naturaliſt to diſcourſe merely upon phyſi 


cerning his intentions in the making of his creatures, we ought to beli 
it, tho? the conſideration of the things themſelves did not give us the u 
ſuſpicion of it; which yet, in our caſe, they do. The ſcriptures exp 
teach us, that God made the two great luminaries, the greater tor 
the day, and the leſſer to rule the night;** that he made the ſtars! 
* ſo, and ſet them in the firmament, or expanſum of heaven, to gt 
light upon the earth. And theſe are reckon'd among the uſes of ti 
luminaries : ** to divide the day from the night; and to be for ſigns, 
«« for ſeaſons, and for days and years.” And Moſes, difluading the I 
elites from worſhipping the ſun, the moon, and the ſtars, ſays, that W 
Lord had imparted them unto all nations under the heaven.” A } 
therefore thoſe Carieſians who admit the authority of holy ſcripture, ſho I 
not reject the conſideration of ſuch final cauſes as revelation diſcover! ? 
us; ſince 'tis certainly no preſumption to think we know God's en 
when he himſelf acquaints us with them: nor to believe that the onſt 
tho' generally eſteem'd a nobler body than the terreſtrial globe, * WM. ; 
made, among other purpoſes, to enlighten it. *Tis recorded, in the boi 
of Geneſis, that God's deſign in making man, was, that he ſhould ©? } 
<* due the earth, and have dominion over the fiſh of the ſea, and ovett 
fol of the air, and over the cattle, and over all the earth, and" } 
<< every living thing that moveth upon the earth.” And the ſame bod, 
informs us, that, after the deluge, God deliver'd all terreſtrial bea, 
and fowl, and fiſh, and every moving thing that lives,“ into the han 


of men, and intended that they ſhould eat animals; as, before the boon 


Final Cauſes of Natural Things. 


k Mad appointed them all the forts of wholeſome vegetables for their food. PR vstes. 
G nd fince God was pleaſed to appoint that men ſhould live on theſe crea- A 
res, it cannot be abſurd to ſay, that, among other purpoſes to which he 
i. ectin'd the ſun, his ſhining upon the earth was one; ſince, without his 
5 ht and heat, men could not provide for themſelves; and neither thoſe 
m Wants that men and cattle muſt feed upon, could grow and ripen, nor, 
th onſequently, thoſe; animals that were to be their principal food, and 
1, rue them for other uſes, could be ſuſtain'd, and provided for. Many 
bi her texts might be here alledged to the ſame purpoſe, but 1 ſhall content 
nz Pyſelf to mention that of the royal prophet, when, ſpeaking of man to 
% Ws maker, he ſays, Thou haſt made him a little lower than the angels, 
ry and haſt crown'd him with glory and honour, Thou madeſt him to 
ſn have dominion over the works of thine hands, and haſt put all things 
ma under his feet.“ 
ond Indeed if we conſider only that viſible part in man, his body; the 
che allneſs thereof may make it ſeem improbable that portions of the uni- 
cm rſe, incomparably greater than he, ſhould be intended for his ſervice. 
t chriſtians will not think this incredible, if they conſider man, as he 
ii liefly conſiſts of a rational mind; which proceeds immediately from 
now Wed, and is capable of knowing him, loving him, and being eternally 
ji Mppy with him. They who deſpiſe man, conſider'd in this capacity, very 
«9:1 ale know the worth of a rational ſoul. But God, who is the beſt judge 
liv his caſe, was pleas'd to conſider men ſo much, that it gave David cauſe 
el! admire, as we juſt now ſaw; and not only to form them in his image, 
—_ o heir firſt creation; but when they had wilfully loſt and forfeited it, he 
tom chſated to redeem them by the ſufferings and death of his own ſon, 
as. Neis incomparably more excellent than the whole world. And ' tis not 
o edible that God ſhould have intended many of his other works to be 
of“ iceable to man; ſince, by miraculous operations, he hath ſometimes 
1 8 uf ended the laws of nature, and ſometimes over-ruled them for his ſake ; 
ic In Pens by the flood, by the paſlage of the 17aelites thro? the red-ſea, 
14 the river of Jordan; by the ſtanding till of the ſun and moon at Jo- 
„ % s command; by the inefficacy of the burning fiery furnace on Da- 
TEE & three companions ; and, in ſhort, by the ſtupendous eclipſe of the 
ove! a at the crucifixion of the Meſſias. F ps 99.) 
15 e And we ſhall the: leſs fcruple to admit that ſuch vaſt bodies as the fun 
cen moon may tend to ſer ve mankind, if we conſider, tis far from beinę 
be, 1 . rule, that a thing more excellent cannot be employ'd for the 
che bal | 6 of a leſs excellent. Thus an angel was ſent to relieve Hagar in the 
4 «(664 erneſs; another had regard to the life of a prophet's aſs; and many 
mm ere employed on earth, in doing good offices to particular perſons : 
and od „ of all the angels in general, the epiſtle to the Hebretos informs us, 
me bal N are miniſtring ſpirits, ſent forth to miniſter unto them who 
al beak be heirs of ſalvation.” | AF 23 
he hank 
flood, | Nor- A 2 SECT. 
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. SECT. III. 

Huis inanimate YReparatory to the diſcuſſion of the third queſtion, Whether, andi 
Bodies may aft what ſenſe, the acting for ends may be aſcribed to an unintelligen, 
Fray, 3 an inanimate body eil deere vo clear the grand i 


hey are an- that has before, and ever ſince the time of Ariſtotle, perplexed thoſe wh; 

acguainted. allow the conſideration of final cauſes in natural philoſophy. This dif. 

culty is obvious enough; for much the greater part of bodies being ſen{. 

leſs, and, moſt of them, lifeleſs too; it ſeems inconceivable how they 

ſhould conſtantly act for ends they are not capable of pre- deſigning, ant 
appoſitely employ. means they have no knowledge to make choice of 

Ariſtotle, who expreſly teaches, that nature does nothing in vain ; and, 

rightly judg'd, that the actions of natural agents had a tendency to ce. 

tain ends; takes no notice of this difficulty, but ſeems rather to ſhift i 

off than reſolve it. | 

But, to conſider the difficulty itſelf, there are two accounts on whit 

the actions of natural agents may be ſaid to tend to a certain end; 2 

either when the agent has a knowledge of that end, and acts with an in 

tention to obtain it; or, when the action of the proximate agent is d. 

rected as it ought, to obtain an end, which, yet, is neither known, | 

intended, by that proximate agent; but by a remoter, that is intelligen,| 

In the former of theſe ſenſes, I cannot admit, that any inanimate bog' 

acts for ends; ſince that pre-ſuppoſes the agent both to know the end |: "i 

is to obtain, and to purpoſe to obtain it: things whereof inanimate b- 

dies are incapable. And, to fancy with ſome, that they may have a knor. i 

ledge, ſui generis, as they ſpeak 3 which, tho* confined to the actions pr- 

per to a particular kind of body, ſhall yet ſuffice to determine them to th: 

actions, is, to offend againſt that rational, and receiv'd rule in philoſopi; 

that Beings are not to be multiply'd, without there appears a neceſſity i 

them; and to introduce a ſort of knowledge that ſeems unintelligible. 

It remains, then, that I embrace the fecond ſenſe, in which 't 

formerly ſaid, natural things may work for an end; tho', in this cal 

too, we muſt ſpeak ſomewhat improperly : for the action may more ju 

ly be attributed to the remote intelligent, than to the immediate age, 

which is but, as it were, the inſtrument of the other. Now, it appt 

to me, that the moſt wiſe,” and powerful author of nature, whoſe pierciy, } 

\ ſight is able to penetrate the whole univerſe, and ſurvey all the part d 4 

it at once; did, originally, frame material things into ſuch a ſyſtem, a} } 

ſettle among them ſuch laws of motion, as he judged ſuitable to ti 

ends he propoſed to himſelf. in making the world. And as, b virtue | 

his vaſt and;boundleks intellect that he, at firſt, employ'd; he was ab. 

not only to ſee the preſent ſtate, of things he had made, but to forekno} q 

all the effects that particular bodies, peculiarly qualify'd, and acting 4 

cording to the laws of motion, by him eſtabliſhed, would, in particu 
circumſtances, have on one another; ſo, by the ſame omniſcient a” 
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liched, each part of this great engine ſhould, without either intention, 
r knowledge, as regularly and conſtantly act towards the attainment of 


e reſpective ends he deſign'd them for, as if themſelves really under- 
„ Food, and induſtriouſly proſecuted thoſe ends. Thus, in a well-made 
Y ock, the ſpring, the wheels, the balance, Sc. tho? each of them act ac- 
. ording to the impulſe it receives, and the determination that is given it 
A the other parts of theengine, without knowing what the neighbouring 
, Warts, or what themſelves perform; yet their tendencies are ſo deter- 
| SD incd, and over-ruled, and their motions ſo regulated, by the ſtructure 
dhe machine, that the whole could not proceed more conveniently, nor 
„„ 1 perform the office of a clock, if they knew they ought all to con- 
ire, and were delign'd to make the index truly mark the hours. Tis 
„ eaſy, indeed, to conceive, how one agent ſhould, by ſo ſimple an in- 
Prument as local motion, direct ſuch a multitude of others, as make 
" DÞ 4 world, to act with the ſame regularity, as if each of them went 
„ on its own particular deſign, and yet all conſpire to obey the laws of na- 
my ee. But if we conſider, that this great work 1s aſcribed to an omniſcient, 
1 d almighty agent, it will not appear incredible; eſpecially ſince tis 
ö nifeſt, that a multitude of bodies act as we have ſuppoſed: and that, 
* we will not aſcribe to God the direction, and ſuperintendency of the 
an tions that are manifeſtly fitted for the attainment of ends, we muſt 
; K 4 ribe them to nature 3 which will not leſſen, but increaſe the difficulty. 
| ."_ nd, upon viewing a great engine, wherein the works of many trades, 
ga great variety of other motions were perform'd by little puppets, that 
00 naged the tools of the ſeveral artificers ; whilſt all of them were ſet on 
gl rk by a ſingle ſpring, which communicated motions, regulated and 
05 Wer mined by the particular ſtructure of the little ſtatues, &c. I could 
0} 0 chink it impoſſible, that the great creator ſhould be able, by the mo- 
s and ſtructures of matter, to ſet very many partial, and ſubordinate, 
* ines a-going. For *twill not, J hope, be ſaid, that the multitude of 
5 ſe, any thing near ſurpaſſes that of thoſe which I ſaw in the hand of an 
18 1 terate tradeſman, ſo far as the narrow knowledge of that artificer is 
re jut F paſſed by the boundleſs underſtanding of an omniſcient artiſt. And 
agel dd's wiſdom and skill is more diſplay'd in making ſo many various bo- 
pes s act according to their particular deſignations, while they all conſpire 
ey the general ends of the univerſe; than barely in cauſing bodies to act, 
"arts e politely, for ends to themſelves unknown. For, if moving bodies be 
m, * ly diſpoſed, and have a ſufficient connection, -*tis not difficult to direct 
: to ew of them to the attainment of an end propoſed by an underſtanding 
1 ent, tho* unknown to the immediate agents: as, anciently, among the 
155 viſh husbandmen, and, at this day, in ſome parts of the eaſt, the ox, 
re 7 treading the corn, ſeparates the grain from the ſtraw, as well as the 
ting i ourer who thraſhes it, on purpoſe to make that ſeparation; and a 
artic e Tes inf ier - horſe, 
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e vas able to contrive the Whole fabric, andd all its parts, in ſuch a Physics. 
anner, that, whilſt his general concourſe maintain d the order eſta- L&VY 
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How final cau- 


ſes are to be 
confider'd, 


As tothe ce- 
teftial bodies, 


Paysrcs. hotſeor an aſs, by going round in a mill, may grind the corn as wet, 
e miller himſelf. {| 7 
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This doctrine, however, is not inconſiſtent with the belief of any try 
miracle; for it ſuppoſes the ordinary and ſettled courſe of nature to 
maintainꝰd; without at all denying, that the moſt free and powerful authy 
of nature is able, whenever he thinks fit, to ſuſpend, alter, or contradis 
thoſe laws of motion which he alone at firſt eſtabliſlyd, and which requim 
his perpetual concourſe to uphold. | | 


SECT. IV. = * 


O come to our laſt queſtion, ** With what cautions, final cauſes a 
to be conſider'd by the naturaliſt?*” I muſt obſerve, that the cz 
whereto it may relate, are ſo many and various, that I can only toud 
upon ſome few of them. | 4 

And to make way for what I am to offer, by a diſtinction; therein * 


two ways of reaſoning from the final cauſes of natural things, that ougr ñ̃ 3 
not to be confounded. For ſometimes men draw arguments from the ms 
of bodies that relate to the author of nature, and the general ends hei um: 
ſuppoſed to have intended in things corporeal: as when from the mani Novi 
uſefulneſs of the eye and all its parts for viſion, *tis inferr'd that the 
was originally framed by a very intelligent Being, with a particular a! hab. 
that animals ſhould be furniſh*d with the fitteſt organ of ſo neceſſary! e m. 
ſenſe. And ſometimes, alſo, men ground arguments upon the ſuppai' Miigh 
ends of things, as to the peculiar nature of the things themſelves, az i 
conclude that this affection of a natural body or part ought to be grant, 

or that deny*d ; becauſe by this, and not by that, or by this more thany mt 
that, the end deſignꝰd by nature may be beſt and moſt conveniently ® N or 


tain'd. The latter fort of arguments I uſually call purely phyſical, ac 
thoſe of the former may be {tiled phyſico-theological, or, by a ſhort 
name, metaphyſical ones. | 
But in order to be the more clear upon this ſubject, I ſhall referr 
thoughts of it to the five following propoſitions. 1 


PROP. I. 2 
As to the generality of the celeſtial bodies, it ſeems unſafe to draw argumenl'! 
. their nature, on a ſuppoſition of particular ends, at leaſt of the human *t 
deſign d by God in their formation. | | 


I am by all means for encouraging the contemplation of the cel. 
part of the world, and the ſhining globes that adorn it, and eſpecially t 
fun and moon, in order to raiſe our admiration of the ſtupendous po 
and wiſdom of him who was able to frame ſuch-iminenſe bodies; . 
notwithſtanding their vaſt bulk, and ſcarce conceivable rapidity, k, 
them for ſo: many ages conſtant both to the lines and degrees of their 


tion, without interfering with one another. And doubtleſs we ought 
: re 


x E ; 


turn than 
"= 
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ks and praiſes to the divinegoodneſs for having fo placed the ſun Pxvsics 
Nd moon, and determin'd the former, or elle the earth, to move in particu- LAWJYJ 


r lines, for the good of men and other animals. And how diſadvantage- 
b Is would it have been to the inhabitants of the earth, if the luminaries had 
o ved after a different manner? I dare not, however, affirm, that the ſun, 
4 oon, and other celeſtial bodies, were made, ſolely, for the uſe of man; 


2 


uch leſs preſume to prove one ſyſtem of the world to be true, and another 


J lſe; becauſe the former is better fitted to the conveniency of mankind, or 
Ne other leſs ſuited, or perhaps altogether uſeleſs to that end. Thus men 
metimes alledge, that the ſun ought to be in perpetual motion, to ſhine 


don the earth; becauſe, as they _— 


» Whoſe diſtant bodies, than that the ea 


ry to the conſtitution of our earth, to - 


the end that the heat of the ſun may | 


| 


tis more convenient for man, that 
which 1s his habitation, ſhould be 


pt in motion. But conſidering things as mere naturaliſts, it ſeems not 
ry likely that a moſt wiſe agent ſhould have made ſuch vaſt bodies as the 

Wn and the fix'd ſtars, (eſpecially, if we ſuppoſe them to move with ſuch 

prodigious rapidity as vulgar aſtronomers aſſign them) chiefly to illumi- 


could 


' © thence raiſe vapours in great lenty;; - 


* which gathering into clouds, fall down 
«© in rain, and thereby water the earth, 
and fit it for vegetation; or elſe being 
the cold tops of the 
„ mountains, diſtil down in ſprings and 
«© rivers ; ſo cemets — to 
preſerve the waters in the planets, by 


repairing, and ſuppl 


4 
with their exhalations and condenſed 


. te a little globe, that, without an hyperbole, is but a phyſical point in 
et mpariſon of the immenſe celeſtial ſpace; while thoſe lights might as well 
het uminate the earth, if they were a thouſand times leſs than they are; 
uk! ovided they were placed at a proportionable diſtance from it. And 
: 077 Mill be very hard to ſay what confiderable uſe the terreſtrial globe or its 
a; habitants derive from that multitude of celeſtial ſpheres which compoſe - 
ar e milky way; fince each of thoſe ſtars is ſo far from being ſingly able to 
po ignten the earth, that Ariſtotle, and the generality of philoſophers for 
a Many ages, took the whole number of them for a meteor. . And what 
nt, ht, or other known advantage, can the earth, or its inhabitants, receive 
any Mm thoſe many fix'd ſtars that the teleſcope only can diſcover, among the 
or ſeven conſpicuous ones of the Pleiades, or among thoſe which the 
|, a. ed eye diſcovers in the belt or girdle of Orion * # a 
hot! foreſee, it may be ſaid, that theſe and the like celeſtial bodies are, at 
, thus far uſeful to men, as to diſcover to him the power and great- 
fern of the divine maker. And, indeed, tho* perhaps his wiſdom appears - 
great to us men in the ſtructure of a glow-worm, as in the diſpoſition | 
che ſmall ſtars that make up the galaxy; yet the immenſity of his power 
ment! "> 
an lth It ſeems difficult to ſay , what ad- 
Intages the earth can receive from the 
gmets; yet late diſcoveries have led us 
. Conjecture at their uſe: and that moſt 
celeſn ecious philoſopher, Sir 1/aac Newton, | condenſed by 
ally i ppoſes t at one final cauſe of comets, is, 
„ e recruit the ſeas, and the moiſture 
8 po! in the planets; by a condenſation of 
83 their vapours, and exhalations there- | continually 
y on. For as ſeas are abſolutely neceſſa- 


** vapours, all that liquor, which being 
„ waited in vegetation and putrefaftion , 


— 
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Pays1cs. could not poſſibly be ſo well declared by leſs productions. Theſe arpy, 
WYNL ments, nevertheleſs,are not purely phyſical, but of that ſort which I call phy. 
ſico-theological, whoſe inferences relate to the general deſigns of God i 
the univerſe, which I therefore ſtile coſmical ends; but do not reach | 
prove any thing about the determinate nature of particular bodies, Aj, 
ſince the utmoſt that philoſophy teaches, is, that in general, the goody 
man was one of the ends deſfign'd by God in framing the world as we { 
it; there may, by the ſame omniſcient author of nature, be other en; 
deſign'd of thoſe teleſcopical, and other ſmall or remote ſtars, whoſe u; 


to us are doubtful or inconſiderable; to attain which ends, thoſe celeſti 
bodies and motions may be admirably contrived and directed. And ; 
being unable by mere reaſon to diſcover what thoſe ends are, tho* we har 
nothing near ſo great cauſe to think there may not be ſuch ends, as the i, 
finite wiſdom of God gives us to think there may; *cis preſumptuous i 
judge of the ſyſtem of the world, and of the deſign of vaſtly remote fix! 
ſtars, by its being greater or leſs advantageous to us: eſpecially ſince thi 
it were certain, that, among other uſes, God intended they ſhould in fon 
ſort be ſerviceable to us; yet he has no way declared in what capacity, a 


to what degree, they ſhall be ſo. And therefore, if they prove ſerviceat} 
in any meaſure ; that is, ſo far as we know, all he deſign'd they ſhould ts; 
and that itſelf, being an unmerited favour, deſerves our humble thank} 
And it ſeems very likely, that God did not defign equal advantages toil 
the parts of the earth, from the preſent ſyſtem of the univerſe ; ſince tk 
countries inhabited by the Samoids and Nova- Zemblans, and other nation 
that lie very near the arctic pole, want many conveniencies and ad. 


4 


tages enjoy d by the inhabitants of the temperate zones. 
But tho? bare philoſophy does not favour this bold opinion, yet I knw 
*twill be pretended that revelation does. And I readily confeſs, that tit 


terraqueous globe and its productions, eſpecially the plants and anim 
tis furniſh'd with, appear, from the ſcripture, to have been deſign'dir 
the uſe and benefit of man; who has, therefore, a right to employ any d| 
them he is able to ſubdue ; and that the ſun and moon were appointed 
God to give light upon the earth, and be uſeful to all the nations that i 
habit it: and that therefore the royal prophet had reaſon to exclain, 


« js turn'd into dry earth upon them. 


For all vegetables wholly grow from 


-« liquids, and afterwards, in great mea- 
* ſure, change into dry earth by putre- 
faction; and a terreſtrial part perpe- 
6e tually falls from putrefied fluids. 
« Hence the bulk of dry earth is con- 


<« ſtantly upon the increaſe, and the 
% fluids, unleſs by ſome means ſupplied, 
* muſt continually decreaſe, and at length 


«be exhauſted. But the vapours of co- 
* mets being continually rarified in the 
empty celeſtial ſpace, are diffuſed every 


of our air, and which is neceſſary tots 


1 4725 473+ 


«© way therein, and ſpread through itt 
“ whole heavens ; afterwards they 
gradually attracted by the planets, {fon 
their principle of gravity, and pro 
* bly intermix'd with their atmoſphers 
I farther ſuſpect,“ ſays this great phi 
ſopher, that the ſpirit which is tit 
« leaſt, the moſt ſubtile, and the belt pit 


irticu 
ganic 
ads to 


k 


<< life of all thin,gs, comes principil 
6e from the come s.“ Newton. Prise. 
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KS habitants ; as he elfewhere juſtly ſays, that the heavens declare the 
glory of God, and the firmament ſheweth his handy-work.”* But theſe 
neral declarations, tho? they properly excite our wonder and thankful- 
s, yet I fear, are not good topics, from whence to draw ſuch phyſical 
ocluſions in particular caſes, as ſome learned men venture upon. Forl 
not remember *tis any where declared in ſcripture, that the ſervice of 
an was the only, or principal uſe, of all the celeſtial bodies. And this 
ale conſideration ſhould make us very cautious, how we eſtimate the 
eat ſyſtem of the world by our conveniencies. And if it be ſaid, that 
nn alone has a rational faculty, whereby to refer the great works of God 
che glory of their maker; I anſwer, that tho? this has been affirm'd by 
ay, yet I have never found it prov'd. And I ſomewhat wonder, that 
Poines ſhould, on this occaſion, overlook that paſſage in Fob, which they 
nerally interpret of the angels. For the queſtion which God there puts 
Lob, may be juſtly applied to Adam himſelf; “ Where waſt thou, when 
| laid the foundations of the earth? declare, if thou haſt underſtanding. 
When the morning-ſtars ſang together, and all the ſons of God ſhouted 
for joy?” And, indeed, if we may preſume to conjecture at ſuch 
Mings, it ſeems reaſonable to me, that God created the angels before the 
aterial world, that he might have intelligent Beings to pay him the Juſt 
bute of praiſes for ſo admirable a ſpectacle, as that of the riſing world, 

the beginning and progreſs of the creation. However, it appears from 
Sec words in 7ob, that before man was made, God wanted not intelli- 

rt ſpectators and applauders of his corporeal works. And ſince the angels 
ea nobler order of intellectual creatures than men, and no unconcern'd 

ctators at the works of God; how do we know, that in the ſyſtem of 
t part of the heavens which is inviſible to us without the help of teleſcopes, 

in the plants, animals, or other furniture, whatever it be, of thoſe 

ticular ſtars that ſerve us men, barely for declarations of their maker's 
ver; ſuch intelligent ſpirits as angels may not diſcern as wiſe deſigns; | 
0c a5 admirable contrivances, as thoſe manifeſted in forming and furniſhing 
earth? And in this caſe, God will loſe none of the glory due to the 
ine attributes diſplay*d in the fabric of the celeſtial part of the world; 

the fix'd ſtars ſhould not be principally deſign'd for the ſervice of mans 

But, ſecondly, *tis yet more unſafe to form arguments upon the nature 

particular inanimate bodies in the ſublunary world, from the uſes we 

ink them deſign'd for. Glo <[l4 (5: N | 


tf 6 2 


ganical, cannot, by their curious ſtructure, diſcloſe to us the particular 
ds to which they were ordain'd. And their motions wanting that con- 
ancy and regularity of the celeſtial bodies, the caution given about draw- 
s arguments from the aſtronomical ſyſtem, will not, ſure be thought 
Whit to take place in clays, chalks, ſtones, &c. whoſe textures, compared 
| with 


nor manifold ate thy works, O Lord ! how wiſely haſt thou made them Physics. 
=S 11!” For he applies theſe expreſſions to the terraqueous globe and its] .. 


This will be made evident, by conſidering how little we ns: of the 4nd theſe 1h at 
| rticular purpoſes of nature, in thoſe terreſtrial bodies, which being in- tal. 
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Pavysics. With thoſe of living creatures, are very ſimple, flight, and ſeldom mom 
curious than may be made artificially, by diſſolving ſtones and metals 


chymical menſtrua, and afterwards cryſtallizing the ſolutions. *Tis try 
revelation ſpeaks rather of God's having deſtin'd animals and vegetable, 
than other inanimate bodies, to the ſervice of men; yet there is no abſy;. 
dity to conceive in GO Ee the ſame to be one of the ends deſign'd by 

ing metals, ſtones, and thoſe other inanim; 
parts of the terreſtrial globe that man is able to maſter and make uſe ( 


Bur tis very unlikely that the internal part of the earth, which may, fi 
ought we know, contain great varieties of foſſils and other creaturg 
ſhould be made chiefly for the ſervice of men, from whoſe fight they le 
hid, and who will, in all probability, never deſcend to a thouſandth par 
of the depth requiſite to diſcover them, and do not ſo much as know wh 
kind of bodies they are. And tho? it will not hence follow, that the tern 


queous globe was made by chance, any more than that the other plan 


were ſo, becauſe the admirable ſtructure of plants and animals proves ti. 


exiſtence and providence of a moſt wiſe and powerful author of thing, 
who may juſtly be ſuppoſed to have made nothing in vain, even amongt} 
inanimate portions of our globe; yet that thoſe inanimate portions ver 
made for determinate ends, is more eaſily deduced from the knowledge y 
have, by other means, of their being produced by a wiſe author, than fror 


the contemplation of thoſe bodies themſelves. And perhaps it is worth h 


quiry, whether ſome things may not be made, even by a wiſe agent, 
out of a primary intention, but as productions that will naturally folloy 


upon the eſtabliſhment and preſervation of thoſe grand laws and rule 
motion that were moſt fit to be ſettled among things corporeal. And 
very poſſible, that, according to ſuch a general eſtabliſhment, many par 
of the terreſtrial globe are ſo diſpoſed of, as not to be ſerviceable to me; 
becauſe the whole maſs could not otherwiſe be ſo well ſuited to the gentn. 
ends of the univerſe. Thus, tho' the eclipſes of the ſun and moon 


uſually unwelcome, and, if aſtrologers may be credited, often prejudii 


to men; yet the great former of all things” did not think ft to al WP 


tracts or lines of motion that he aſſign'd the luminaries, to avoid tl 


eclipſes that muſt yearly enſue upon their moving in ſuch lines. When 


we alſo learn, that ſome phenomena may not belong to the primary inte 
tion of nature, but are only the neceſſary conſequences and effects of tit 


primitive conſtitution of the world, and the univerſal laws of motion 


But if it be here demanded to what end the deep and hidden pars d 
the terraqueous globe, and the teleſcopic ſtars of the firmament, wt 


made, if not for the uſe of man? I freely acknowledge, that I cannot ei 
and perhaps ſuch an anſwer may be more expreſſive of the profound y 
verence we owe the great author of nature, than their opinion, who woll 


have all theſe made for the fole uſe of man. 
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er 
i; often allowable for a naturaliſt, from the manifeſt and appoſite uſes of the 
arts of animal bodies, to colleft ſome of the particular ends for which the creator | 
deſen'd them : and in ſome caſes ue may, from the knownnature and ſtructure 
of the parts, draw probable conjectures about the particular offices of them. 


To obviate miſtakes, it muſt be here obſerv'd, that I ſpeak only of thoſe 
cs and uſes of the parts of an animal, that relate to the welfare and pro- 
Wacation of the animal itſelf, and which, therefore, I call animal ends; 
o' I do not thereby deny any declaration made in the holy ſcriptures, that 
ad deſign'd the entire animals, as well as their parts, to be ſerviceable 


* 
5 


„any ways to man. This premiſed, I come to conſider diſtinctly the two 
1 rrts of the propoſition. | n 
W And, firſt, there is no work of nature known to us, wherein the con- 
„ aeration of final cauſes may ſo juſtly take place, as in the ſtructure of 
8 imal bodies. For my own part, I confeſs, that when I aſſiſt at a skil- 


AW! difſection, I cannot but wonder there ſhould be philoſophers, who. 


=: Mrribe the admirable contrivance of a human body to blind chance. The 
nl aic, who in Cicero, ask'd an Epicurean why chance did not make palaces, 
d erect other buildings, ſeems to have propoſed a pertinent queſtion. 
1.4 vt the moſt commodious houſes are far lefs curious ſtructures than the 
man machine: for the materials of a palace are few, in compariſon. to 
on, e parts of an animal body; and their diſpoſition exceeding light, com- 
red to the curious and elaborate contrivance of the numerous ſolids and 
u ids of the human ſtructure: the former whereof, alone, are above ſome 
W i pndreds; yet in every one of theſe parts, the bulk, figure, conſiſtence, tex- 
1-1 ee, ſituation, connexion, and aptneſs for motion, are the moſt commodious 
neal) Wc can poſſibly be deviſed ; whilſt all of them are wonderfully ſymmetri- 
=y -) both to one another, and the whole body. And this number of parts 
lic! s artificially contrived and ſet together, that tho? no room be loſt, 
rh: ny of them, at the ſame time, exerciſe very different motions, while each 
1 ty Moves freely, and rather promotes than hinders the motion of others. 
hens Hurts or diſeaſes may ſhew how excellently all the parts of our bodies 
inten e contrived, in order to our welfare. For if even a finger be ſwell'd, 
of th placed, kept in a wrong poſture by contractions, have its continuity 
1 olated, its tone chang'd by ſtrains or contuſions, its ſenſe or motion ta- 
arts0; m awaz, its membranes, fretted by ſharp humours, or its motions diſ- 
we der'd by convulſions ; we quickly find, how commodiouſly the parts 
tl ected were framed or diſpoſed; their natural figure, connexion, tone, 
ind, . being now alter'd. | | gp © kk 


woll . 7 Þ=<ye, to ſingle out again that part for an inſtance; is ſo exquiſitely - 

lapted for ſeeing, and ſo little fitted for almoſt; any other office in the 
ody; and that uſe is ſo neceſſary for the welfare of the animal, that it 
ay well be doubted, whether any conſidering man can really think it not 
Neſigned for that uſe, The ſix or ſeven muſcles, which move the whole ball 
Vor. II. . ; Aa of 
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Pays1cs. of the eye upwards, downwards, to the right-hand, to the left, and to v. A em 
. rious oblique poſitions ; and the ſeveral coats and humours that make 5 

the organ, have not only their magnitude, figure; conſiſtence, firuatiom, 
and connexion, admirably adapted to that end; but the tranſparency of Por 
the cornea, and the three humours, the opacity of the uvea, the ſemi-· o. 
city of the retina, and the ſeveral motions-of the parts of the eye, which 
are requiſite to receive, tranſmit, refract, and diſpoſe the viſual rays, thi i 
9 — the object, after the manner neceſſary to make the livelieſt y. Mt 
cure of it in the bottom of the eye, wonderfully conſpire to compleat thi ⁵⁶ 
matchleſs inſtrument of viſien: whence we may as properly conclude, thy ü nde 
an eye, as that a tele fcope, is made to view objects with. But in that a- 
mirable perforation of the uvea, which we call the pupil; nature has greu7 e 
exceeded art. For tho? we are obliged to employ opake bodies, with 7. 
veral circular apertures, to the object- glaſſes of teleſeopes, that ſome mir 
let in leſs light, and others more, according as the objects require to h 
illumin'd; that part of the uvea which is ſuſpended in the aqueous hv 
mour, is an aperture that widens and contracts itſelf in an inſtant, a= F 
cording to tae exigency of the object. e e ts q E 
But for tlie uſes of the feveral parts of the eye, I refer my readetn Th 
Scheiner*s Oculus, and Des Cartes's Diopirics; whence it will appear, th“ 
in forming this part, nature not only acted with deſign, but with fo gin 
skill in optics, that a more than ordinary acquaintance with that ſcienc 
is neceſfary to underſtand the wiſdom of the ſeveral contrivances, hid 
perhaps no degtee of skill whatever in it would enable a man to alter fo 


were tedious to mention other parts of the body that manifeſtly 1 
pear to have been ordain'd to certain uſes. The books of anatomiſt n a | 


full of paſſages to this purpoſe, of which I ſhall only fay in general, tl! en 
rio” what they deliver is ſufficient to ſhew all the parts of the body to* 
the effects of an intelligent cauſe, yet unleſs their deferiptions and ich * 
ions be improved by mathematics, meehanics, and chymiſtry, we E“ 
kave but an imperfect notion how inteffigerit that caufe is, or how mul i 
wiſdeth is difplay*d in the ſtructure of a human body, and its feveri 
| ih | 

1 know tis objected by the Epicureans, that the parts of animals um 
firſt made, and tlieir uſes afterwards diſcover'd, by the ſagacity of mm Thi 
bot this is a ſophiſticał objection: for, firſt, many of the internal is onclu 
per form their functions, without our having any knowledge of their . he ind 
aire or fituation ; fo fir are they from being applied to ſuch uſes!!! | It 
eur ſagacity. And as for the limbs and other parts, which we mot, ſin 
at pleaſure, tis true, they cannot be employ'd to their reſpective u' ially f 
tilFactenally form'd; nevertheleſs, they might be originally fo form'd, u lpon'a 
due time to be fit for ſüch uſes. And, in effect, we ſee that a chick | 
furnifh'd with complat eyes and wings, before it be hatch'd, tho whilt 
iicloſed in the egg it can make no uſe of them, either to ſet or fly. A 
Why was it, de the' Epicureuns ekiinle, that nature provided a whole bo 
5 & K g temporally 
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A mporary parts far pregnant females, and animals in the womb z which, Par sies. 


ben they are come into a freer ſtate, partiy fhrink away of chemſelves, 
24 partly turn to a ligament, fitted no longer for the former, but for a | 
) Pore ſeaſonable uſe? And *cis to be noted, that theſe umbilical veſſels, 
ace placenta to which they are faſten'd, is of no neceſſity or uſe to the 
male before conception; and therefore thoſe temporary parts appear to 
a ve been defign'd by nature for the propagation of the ſpecies. | 
And tho” the dagacity of men may have found out ſome. uſes of the par- 
8 Wc ular parts of their bodies, which ſeem not to have been primarily in- 
» nded by the author of nature; yet this does not prove that thoſe uſes 
n ere undeſign'd: for the preſcience and goodneſs of God are ſufficient to 
5 aer it probable that he who gave man both the limbs of his body, and 
pl e endowments of his mind, did both foreſee what uſes men might, ac- 
© EDÞcding to their ſagacities and emergencies, make of theſe parts, and fo 
i ntrive the parts, that they ſhould beapplicable to ſuch uſes. 
W And we may now proceed to the latter part of our propoſition, which 
„ eerts, that, in ſome caſes, from the known ends of nature, as well as from 
„e firucture of the parts, probable conjectures may be form'd about the 
Mrrticular offices of them. 5 | 
0. MW This could not have been ſeaſonably ſpoken to before, becauſe the ar- 
. ments that were founded on the uſes of the parts of animals ſuppoſe 
i} Poſe parts to have been deſtin'd to particular uſes, knowable by us; and 
e hat the ſeveral parts of the body were contrived as wiſely and commodi- 
hic! ay as men are able to deviſe, in order to the ends of nature; which 
1 uſt always be underſtood to have united in her deſigns the uſes of the 
Arts, and the welfare of the whole. „il 11 f 
And indeed if we conſider how admirable a fitneſs there is in the ꝓarts 
8 1 8 2 human body, to thoſe particular ends we can diſcover them to have 
en deſign'd for; it ſeems allowable to conjecture, that ſuch. a part was 
n primarily deſign'd to ſuch an uſe, if it is, on the account of its ſtru- 
relt- Ne, or otherwiſe, leſs fitted for it than the conſtant wiſdom of nature 
ſhall ns to require; eſpecially if there be any other parts by which the of- 
o_ Nee may be more commodiouſly performed. And, on the other ſide, it 


vel ems probable, that ſuch a part was deſtin'd to ſuch an uſe, if the uſe it- 
f appear to be neceſſary, and the part better fitted for it than any 


5 weſt her. fg | 

m; Thus, tho' anatomical and optical writers, for many ages, unanimouſl 

| s pncluded the cryſtalline humour to be the etens $500 viſlon;oyer 
r he induſtrious Scheiner juſtly rejects that receiv'd opinion, upon ſhewing, 
les h at it ſuits not with the skill and providence of nature, chat it ſhould de 
* o, ſince it wants many requiſite qualifications for that purpoſe; and eſpe- 
e Uh | | 


ally ſince molt of theſe are to be found in the retina: . And I remember, 
pon asking our famous Harvey what induced him to think of a cireulation 
4 f the blood; he ſaid, that obſerving the valves in the veins of many parts 
4 ff the body, ſo placed, as to give free paſſage to the blood towards the 
eart; but to oppoſe the paſſage of the venal blood, the contrary way 3 he 
Aa 2 imagin'd 
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Pays1cs, imagin'd that ſo provident acauſe, as nature, had not thus placed ſo my 3 2 
u valves without deſign : and as no deſign ſeem'd more probable than thy 
ſince the blood could not well, becauſe of the interpoſing valves, be { 
by the veins, to the limbs, it ſhould be ſent thro? the arteries, and reti 

through the veins, whoſe valves did not oppoſe its courſe that way. 
Thus, tho? the ancient anatomiſts, and phyſicians, believ*d the parts v 
nouriſhed by the venal blood; the modern writers teach them to be ng, 
riſhed by the blood, in its paſſage thro? the arteries. Not that they thi 
the blood, which runs thro* the veins, altogether unfit to ſupply tt 
parts with that vital liquor; but becauſe they judge the veins to þ 
leſs fit for this purpoſe, than the arteries; into the latter whereof t} 
blood comes immediately from the left ventricle:of the heart, agitat 
and ſpirituous, and, by a brisk impulſe, better ſuited to anſwer this en 
But the writings of phyſicians, and anatomiſts, being filled with inſty 

ces of this kind, I forbear to mention any more.. 


a ©» WP þik 


It is rational, from the manifeſt fitneſs of ſome things, to coſmical, or ain; 
ends, to infer, that they were thereto ordained by an intelligent agent, 


Care ſeems to have been taken, that the body of an animal ſhould } 
provided not only with all things that are ordinarily neceſſary, and cu 
venient : but with ſome ſuper-abundant proviſion againſt accidents. Thu, 

tho? a man may live, and propagate his ſpecies, after the loſs of an ex; 
yet nature furniſhes us with two, that, in caſe one be deſtroy*d, the oth 
may ſuffice for viſion. And the like may be ſaid of the ears. In ſhor 
nature has furniſh*d men with double parts of the ſame kind, where 
is highly uſeful, and may be permitted without prejudice, to the reſt « 
the body. And this is the more conſiderable, becauſe, in other pam 
nature appears to husband things ſo, as to avoid doing what is ſup 
fluous. Thus, within the skull, ſome veſſels, that would, in other par: 
| of the body, have double coats, are very thin; the skull being ordinary 
| ſufficient to defend them from external injuries. 


Another argument, that nature acts with deſign, about animals, m 

be drawn: from what anatomiſts obſerve of thoſe parts of the womb, « Þ} 

| the fetus, that are to be found but at certain times, when there is net. 
| of them; and not at others, when they would be uſeleſs. Thus, when! 
woman is with child, the Vaſa umbilicalia are produced to be canals, & 
| | ther for the blood, or alimental juice, and ſpirits, that then ought 
| Paſs between the womb and the fœtus, by means of the placenta. 4 
| tho', as long as the child continues in the womb, theſe temporary pit 
| continue with him; yet, as ſoon as he comes into the world, the umbil-| 4 
cal veſſels, particularly the two arteries, and the vein, together with it | 
membranes they are wrapp'd up in, with the chorion, and the amn 
that involve the foetus, are thrown off, as unneceſſary, and expell'd in tit 
after-birth z there remaining only that part of the umbilical veſſels * 
* | * 


— . — — — 
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Mood, or an alimental liquor, to and fro, but degenerates into a liga- 


T ak alfo, the Foramen ovale; gives paſſage tothe blood from the right 
ntricle of the heart to the left, that the circulation of it may be main- 
Win'd ; for it cannot in the embryo, as in a born child, paſs thro' the 
11s of the lungs, from one of the ventricles to the other: whence this 
ntrivance ſeems to be an expedient that nature employs, till the foetus 
excluded; when that temporary conformation is obliterated. For the 
111d; now breathing the free air, is in a condition to make the blood cir- 
late thro? the pulmonic veſſels, according to the primary intention of 
ture. From which, and the like inſtances, we may infer, that theſe 

porary parts were framed by a fore-knowing, as well as à deſigning 
zent; who intended they ſhould ſerve for ſuch a purpoſe, and then be 
id aſide: for *tis utterly improbable, that an undeſigning agent ſhould 


| 1 appoſitely, and exquilitely, frame ſcaffolds for a future building, if he 


N not, before-hand, deſtine both the one and the other, to concur to the 
me ultimate effect. a | 
Another argument, for our preſent purpoſe, may be drawn from the 
Mnſideration of what, in animals, is commonly call'd inſtinct: which, in 
ne caſes, more directly regards the welfare of the creature; in others, 
We propagation of the ſpecies; and, ſometimes again, reſpects both. The 
iters of voyages, and natural hiſtory, recount ſtrange inſtances: of the 
inct obſervable in certain animals. But we need not lay the ſtreſs of 
argument upon dubious, or ſuſpected relations; ſince what I have 
t witch, in authors of good authority, or receiv'd from the mouths of 
Abble travellers, may ſerve my preſent turn; eſpecially, if we may take 
= word inſtinct in a latitude, fo as to comprize thoſe untaught methods, 
expedients, that are made uſe of by ſome animals, to avoid dangers, . 
ide for their future neceſſities, or to catch their prey. 500 


orprizing things are related, not only by poets, but by more credible 


iters, about the ſagacity and government of bees; in point, both of 
onomy, and politics. But tho? I ſhall not build any thing upon ſuſ- 
ted authorities, yet, having long kept a tranſparent hive, and thereby 
ined the opportunity to make, frequent: obſervations of the actions of 
kc little animals; I confeſs, I diſcover'd ſome. things: that I. did not 
lieve before: which W to look upon them, as very fit inſtances 
creatures endow'd with natufal inſtin&and providence. For, twere hard 
a mathematician, in contriving ſo many cells as bees make in the area 
one of their combs, to husband ſo little ſ pace more skilfully than theſe 
imals. And they not only carefully, and ſeaſonably, lay up their ho- 
y, to ſerve them all, the winter; but, curiouſly, cloſe the particular 
ls with covers of wax, that keep the included-liquor from ſpilling, and 
om external injuries. I do not here mention the prognoſtication of 
Either that may be made in the morning, by their keeping within their 
hives, 


s within the child's abdomen, between the navel and the liver; where PBvsres. 
uſe is conſiderable, tho' new; for it ſerves now no longer to convey & 
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Paysrcs. hives, or flying early abroad, to furniſh themfelves with wax, or honey, il 
& or, by their unexpected return before a ſtorm: becauſe I ſuſpect that thy Pe. 
things are not ſo much the effects of inſt inct, as of a tenderneſs, and quick. 

neſs of ſenſe ; ſomething analogous whereto may be ſeen in a good . 
ther-glaſs, and is alſo to he found in many wounded and valetudinary ye; 
ſons, who are affected with ſuch beginning alterations in the air, as othy 
men perceivenot. But among the peculiarities to be obſerv?d' an the cy, 
duct of bees, tis very remarkable, that, after a fight, they take up th 
dead which lay on the ground, and, as I have obſerv'd, fly away vin 
them far from their hive. ; | 3 
Another obvious inſtance of the inſtinct that nature has given to ſ ; rl 

deſpicable inſects, may be taken from ants: for tis known, that thy i 

little creatures do, in the ſummer, hoard up grains oſ corn againſt þ 
winter. And their fagacity is the more conſiderable, if it be true vn 
many Learned men affirm, that they eat off the germen of che gramsth . 
# lay up, leſt the moiſture of the earth, expoſed to the rains, ſhould ml: AF; 
them ſprout. But whatever become of this tradition, theſe inſects pern 
„ i HE AO proceeding from fagacityu 

induſtry. —_ 7 
The natural'skill of ſpiders in weaving their webs, that are ſo fitly «1 I 
trived, both to catch their prey, and give them immediate notice of 

being caught, is à thing, which, if it were not familiar, would be loo 
upon as admirable. And this skill is not, as ſome imagine, an effet“ bir 
imitating their parents; for if the eggs bettaken away, and encloſed n! I... 
glaſs, when they come to be hatch'd by the heat of the ſun, the lit .. 
creatures will immediately fall to fpinning in the glaſs itſelf, as was ren u 
to me by an eminent mathematician, who made the experiment. An! the. 
ſaw the leſs reaſon to diſtruſt it, becauſe having, by an external hn i 
hatch'd many eggs of fil · worms, in a place where there had not ch 
any of a long dime beſore, not probably ever, till then; yet the wm neff 
produced by theſe æggs nid ãĩn autumn, ef itheir own accord, climb 9 s ati 

ſuch corvenient places asl had prepared. for them, and there weave t 
curious oval ꝓrifons wherein they encloſe themſelves, and which are u: fe lit 
vell'd into extremely fine ſillxk. | 
But this provident induſtry is not confined to inſects, for tis u Mars i 
found in many of the greater animals, particularly in the beaver? id ut. 
creature whereof, indeed, mam fabulous ftories are related: yet (0 as of 
und judicious perſons, ho were either born, or lived in New Englut ry co 
where theſe animals abound, have aſſured me, that the beavers, f dly pl 
their-fharp teeth, eut pieces of Mood, and fit them to their purpoſe ; iu 
by joinmꝑ their labours, they lay theſe together, ſo as to build themſeiſ N be « 
ſtrong winters houſes.; in Mhich there is ſometimes à kind of fer 
ſtory for the inhabitants to retire to, when the water chances to overfoi 
that, for theſe houſeg, they chuſe a very convenient fituation, jul H 
ſome river, or other water, chat can furniſh them with fiſh; and 
The hole belonging to each houſe is placed juſt by the water, 

1 


thei 4 


— —L—ͤ — — 


4 Fins! Canfes of 'Vitural Things. 183 
* ey may imimediacely, flounce-into-it, and ſo ſave themfelves, when their PuvsTos. 
tl Dues are attack d. And, to facilitate their ſwimming,” and the catehing 


% MT their prey in the water, nature has given them two feet, not made hike 
* Poſe of dogs or cats, or in the manner of their other two, bur furniſh'd 
Xt ith broad membranes: betwixt their toes, like the feet of geeſe, ducks, 
bt a other aquatic animals, that are ro uſe them as oars, to thruſt away the 
* er, and facilitate their motins˖ OD, 
i he various arts employ'd by animals of different kinds, about the ma- 
fl rials, the conſtruction, and the ſituation of their neſts, is uſually re- 
rkable, and ſometimes wonderful. Of this skill we have many emi- 
on Ment inftances, but tis particularly remarkable, that in eountriesabound- 
it: wich apes and monkeys, creatures. very greedy of bitds eggs, tliere is 
u irt of bird whoſe eggs they peculiarly affett, thar hang their neſts near 
* © end of ſome long flexible branches which reaeh over the water, and by 
ite Mac means avoid their enemies, who cannot ſwim. ' a OL onen 
nat in the neſts of waſps, which they often, for greater Rowley, make un- 
for r ground; 1 have obſerv'd à very curious and artificial ſtructure, to con- 
ſU and ſhelver their young; ones tifl they are ready to ffn. 


hut the inſtinct that nature has plunted in animals for their own preſer- 
aon, is much inferior to that providence ſhe has furmſhed them with for 
f 5 = propagation of their ſpecies. / ur REES 


There are many remarkable things'to be met with in the neſts of ſeve- 


ets birds, both as to the materials, the ſtructure, and the ſituation of the 
d 01 Nees wherein they are built. I have ſeen nefts; and particularly ſome 
lik ae in che Iadies, which would raife # man's wonder how the birds ſhould 
eln d ſuch odd, but commodious materials to build with, There are birds 
he eaſt, which make their neſts of a white ſubſtance, that looks almoſt 
_ WF iling-glafs, diſſoluble inliquors, and ſo very well taſted, that ir makes 


chief fauce ufed in the ſouthern parts of India. The ftrufture'aMo of 
wm neſts of ſeveral birds, both as to their figure, magnitude; and/accom- 


0 tions, wherewith they are furniſtd, for warmth and ſoftneſs, may 
e thit erve the applauſe of mathematicians; eſpecially if it be conſider*d that 


ſe little untaught architects had no tools to make their curious buildings 
th, except their bills and feet. Much more fore-fight, however, ap- 


0 ars in the ſituation of the place, that ſome birds make chice of to 
ver? Wild their neſts in; as may be obſerv'd, not only in the pendulous 
n ſs of foatlows, and'the*fecter ones of fore European bfrck; but 
A conſpicuouſly in the hanging neſts that we lately mentionꝰd, to be fo 
5, 4 dly placed by fome birds, to ſeeure their eggs from apes and monkeys; 


d by the ſituation of the neſts uſed for ſauce as e juſt no related, 
de found only upon high and ſteep rocks; which are ſo faſten'd 
the concave parts of them, that look downwards, and commonly 

ng directly over the ſea ; that there is no getting them, without” much 

duble and danger: upon which account, as well as that of their deli- 

Cy, they are very dear, even in the Eaft-Indits, where they are ns 
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Pn vs1cs. The like care to contrive their neſts advantageouſly, and make them i 
i ſecure places, is viſible in inſects; as may be obſerv'd in the ſubterraneq 


I. have ſometimes found hid under- ground; and have hatch'd in glaſſes 


wonderful providence, that the moſt wiſe author of nature exerci(g 
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neſts of the waſps, formerly mention'd, and in the eggs of ſnails, which 


furniſhed with the ſame earth wherein they were found. n 
If I ſhould here ſet to view the ſeveral effects and arguments of th 
about the propagation of animals, by diſtinguiſhing them into male and 
female; by furniſhing both ſexes with mutual appetites and organs exqui. 
ſitely adapted to the increaſe of their kind; by the admirable formation q 
the fœtus in the womb, without the female's knowing how it is per. 
form'd; by the ſtrange ſubtilties and courage, thatſeveral-creatures,eithe 
oviparous or viviparous, have, to hide and defend their young; by th 
full proviſion that is made for the nouriſhment of the foetus; and the wel. 
fare of the female after ſhe has brought forth; and the like: I might mug 
enrich and adorn my argument. But inſtead of purſuing a ſpeculatiq, 
that would lead me too far, I ſhall look back upon the intimation I lateh 
gave, that even thoſe meaner parts of animals, which ſeem to have ben 
framed with the leaſt care and contrivance, are yet worthy of their autho 
For tho? the teeth be ſome of the leaſt elaborate parts of the human bod 
yet even theſe afford numerous phenomena n to our preſent pu. 
poſe : but I ſhall only tranſiently conſider a few of them. 
And firſt, *tis remarkable, that tho* when a man comes to his fil 
ſtature, all the other bones of the body ceaſe to grow, the teeth contine!” 
to increaſe, in length, during his whole life. This growth of the ten 
appears not only by their continuing for many years of the ſame length, bu 


„ » 


by the unſightly ſhooting of one tooth, when that which was oppoſiten © 


It in the other jaw is wanting; whence it has liberty to ſprout withai 
oppoſition. Of this difference in point of growth betwixt the teeth u 


other bones of the body, what reafon can be ſo; properly aſſign'd, ü 7 
being intended to repair the daily waſte of ſubſtance, proceeding fromit ya 


frequent attritions of the upper and lower jaw in maſtication ? 

2. Tho' che bones of the body are generally inveſted with a very ti 
ſenſible membrane call'd Perioſtaum; that part of each tooth, which is 
cover'd by the gums, wants it; which would be ſubject to very frequu 
and painful compreſſions and lacerations. a £7 4 
3. To enable the teeth to break and make comminutions of the mit 
ſolid kind of aliment, nature has providentially framed them ofa cloſer i 
harder ſubſtance than almoſt any other bones in the body; tho? theſe at 
numerous, that anatomiſts reckon above three hundred of them. And! 
have met with it in authors of good credit, that ſome mens teeth ha! 
Ware hard, as, when ſtruckjagainſt another fit body, to produce ſpais 
OA oli ao 7401 i 21567 3693 7 £31 917 1596 © | 

4. That theſe bones, whoſe uſe is ſo great, may themſelves be con 
nually nouriſh'd and ſupplied; tho? they are ſet in bone, the wiſe auth 
of things has admirably contriv*d a cavity on each fide of the — ä 

where 
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ies, ſend their twigs to each particular tooth. 2 
5. As infants are deſign'd by nature to feed for a conſiderable time on 
ilk, they remain long without teeth; whilſt ſeveral animals, which are 
ten early reduced to ſeek aliment that is neither fluid nor ſoft, come into 
Sc world with teeth already form'd in their jaws. | 

6. The bony ſubſtance appointed for the comminution of the aliment, 
ght not, for ſeveral reaſons, to be in either jaw entire, or all of one piece; 
d therefore nature has providently made for that uſe a competent num- 
r of diſtinct bones in either jaw. And becauſe men may have occaſion 
feed often upon very different ſorts of aliment, and becauſe uſually the 
ne aliment may require different preparations in the mouth, to facilitate 
W digeſtion of it in the ſtomach; nature has provided men with two rows 
teeth, for the moſt part equal in number, and correſponding to each 
er, yet of different ſhapes, for different uſes; the fore-teeth are broader, 
d have a kind of edge, to cut the more yielding fort of aliment, whence 
y are call'd Inciſores; others being ſtronger, and more fitly ſhaped to 
r the tougher food, are term'd Canini; there is alſo a third ſort, whoſe 
ncipal office ic is to grind the aliment cut or torn by the others: and for 
s purpoſe they are made much broader, and ſomewhat flattiſh, with 
ir upper ſurfaces uneven and rugged, that by their knobs and little ca- 
Nees they may the better retain, grind, comminute, and mix the aliment; 
for this reaſon they are call'd Molares. 


| 1 7. And becauſe the operations to be perform'd by the teeth often re- 


irre a conſiderable firmneſs and ſtrength, partly in the teeth themſelves, 
partly in the inſtruments that move the jaw, wherein the lower ſett of 
| is fix d; nature has provided the lower, or moveable jaw, with ſtrong 
cles, that it may bear forcibly againſt the upper; and has not only 
Need each tooth in a diſtin cavity of the jaw-bone, as it were in a cloſe, 
. and deep ſocket; but furniſh'd the ſeveral ſorts of teeth with hold- 
gs ſuitable to the ſtreſs, that by reaſon of their different offices is to be 
on them. And therefore the Inciſores and Canini have uſually but one 
r., whilſt the Molares, that on many occaſions are employ'd to break 
d bodies before they can be ground, are furniſhed with three roots, and 

en with four, in the upper jaw, whoſe ſubſtance is ſomewhat ſofter, and 


joſe grinders ſerve as ſo many little anvils for thoſe of the lower to ſtrike 
preſs againſt. 


Wd with teeth, yet there are many other animals, ſome whereof have not 
ar ſo many teeth, nor ſo commodiouſly ſhaped and placed as his; others, 
t are not furniſh'd with any teeth at all; and that ſeveral animals 

e ſome of their other parts leſs convenient in their kind, or are 
t otherwiſe near ſo well provided for as they would be, if they were 
t rather the productions of chance, than of an intelligent and deſigning 


ent: I muſt declare, that many particulars might be farther alledg'd, to 


the final cauſes of things corporeal, as the conſideration of them leads 
Vor. II, | to 


f it ſhall be ſaid, that allowing tho* man is indeed advantageouſly fur- 
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erein are lodg'd an artery, a vein, and a nerve; which, thro' leſſer ca-Puxsics. 


Taal 
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Pays1cs, to a high veneration of their divine author; and to manifeſt, that Whe 
his providence is deny'd or condemn'd, *tis for want of due conſideratiy 

But I have already, in great meaſure, prevented myſelf in the anſwer; 
this objection, by obviating ſome exceptions relating to the eyes of n 
and other animals. For the conſiderations that have been alledg'd to ty 
purpoſe, may, mutatis mutandis, be applied to the varieties to be found; 
the teeth, and other parts, of different kinds of creatures. 

*Tis known, that oxen, ſheep, Sc. are not furniſh'd with near ſo may 
teeth as men, horſes, dogs, c. But this defect, if it be any, is ſuppli 
partly by the power and inſtinct they have to chew the cud, and ther 
make a ſecond attrition of the aliment, that is already greatly ſoften, 
and partly by the ſucceſſive cavities, or ſtomachs, thro* which that aline 
is tranſmitted, and by that means elaborated and fitted for further uy 
The beaver, the tortoiſe, the bee, and the humming-bird, which fu; 
the exudations of flowers with his little long bill, like the bee, and may 

other animals, have their mouths, and their ways of preparing their 2 
ment for the ſtomach, very different from what is obſerv*d in men; a 
yet each reſpectively very convenient; all circumſtances conſider'd. 

Theſe, and the like expedients, are in many animals ſuch as affe 
no cauſe of taxing the author of nature, for not having given ſome of ther 
all the ſame parts wherewith others are furniſn'd; but rather, the proj 
dence and wiſdom of God, in the contrivance of his viſihle works, may} 
as well diſcover'd by the ſeeming omiſſion of this or that part, uſeful tote 
animals, but unneceſſary to thoſe wherein it is not found; as by grantir 
thoſe parts to ſuch animals, whoſe compleatneſs or welfare they are : 
ceſſary or highly conducive to: and therefore *tis not ſtrange, that beh 
not given to men, and many ſorts of birds, ſuch tough, tranſparent, a. 
moveable membranes, as frogs are provided with, to defend their e 
from ſuch accidents as the others are not uſually expoſed to. 

Bats are eſteem'd a contemptible ſort of creature, yet they may afford 
a conſiderable argument to our preſent purpoſe: For we have here an 
mal that flies like a bird, tho? it wants feathers, and has a fabric qut 
different from that of birds. And here too, we may obſerve the comp 
ſation that is made for parts that ſeem either deficient, or leſs adm 
tageous, than thoſe of the ſame denomination in other birds; as alſo l 
regard which the divine artiſt appears to have to the ſymmetry of pi! 
in his animated works, and to their fitneſs to the places they are to | 
quent. For the bat being to act ſometimes like a bird, and on ſome och 
ſions like a terreſtrial animal, or mouſe, he ought to be furniſh'd with pil 
ſuitable to ſuch different deſigns : and, therefore, the want of feather! 
his wings is ſupplied with a broad membranous expanſion, and a kinds 
toes furniſh'd with articulations. And becauſe this animal was to fort 
ſettling on the ground, otherwiſe than his occaſions required, each of 
wings is furniſh'd with a ſtrong crook, like the claw of a bird's foot; 
the help of which, he can ſaſten to trees, walls, Sc. and there keep hi 


felf at what diſtance he pleaſes from the ground. And as he is rut 
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ach teeth, which other birds want, to chew his food, and thereby pre- Puysics. 
ere it for digeſtion; he needs no crop, or ſuch a ſtrong muſcular ſto- . 


ach, as is uſually found in birds. | 
In ſhort, to omit the peculiar ſtructure of other interna parts, wherein 


We bat differs from other birds; ſince the female was not, like them, to 
Wc oviparous; but, like mice, and other quadrupeds, to bring forth her 
ung ones alive; ſhe is not only furniſhed with an uterus, fitted for that 


urpoſe ; but, in regard ſhe does not exclude, together with the foetus, a 


N mpetent ſtock of aliment, to nouriſh it, till it can ſhift for it ſelf; the 
t is furniſhed with teats to give ſuck : and 'tis obſerv'd, that as ſhe has 


t two of theſe, ſo ſhe brings forth but two young ones at a time; while 
ice are much more prolific. 


he writers of natural hiſtory, and travellers, afford numerous inftan- 


of the various, and excellent contrivances, that are to befound in ani- 


B als differing from man, in the fabric of the mouth, and other parts, ſub- 
vient to the preparation and digeſtion of their aliment. 
But, to be ſilent, as to the mouths of tortoiſes, camelions, Sc. the 


rdneſs of whoſe gums, with regard to their aliment, ſupplies the want 
teeth, there is an American beaſt, which ſerves as a notable inſtance, to 


Manifeſt how the wiſe architect can compenſate the want of teeth, by 


We rare ſtructure of the mouth and tongue; and their fitneſs to ſeize, and 


e uſe of that aliment, which, tho? uncommon for a beaſt of his bulk, 


ſeems to have been deſtined to live upon. The animals of this kind 


=, by Hernandus, calld, Achoas, and Tamendoas z and, of theſe, he ſays, 


they are quadrupeds, about the ſize of lambs, whoſe bellies almoſt 
touch the ground; that they have no teeth at all, but live upon ants ; 
whoſe hillocks they turn up with the two large claws they have fixed 


1 to their fore · feet, and then thruſting out their long rough, cylindrical 
tongue, they roll it upon as many as they can, and ſo draw them into 


their mouth, which is exceeding narrow.” Piſo adds, that ** their 
tongue, which is ſometimes two feet in length, lies doubled up in a 
cavity, between the ſides of the lower jaws; which, in order to catch 


cheir prey, they thruſt into the trunks of trees, and there ſuffer it to 


2 
Q 


continue, with a moiſture upon it, till cover'd with ants 3 and then ſud- 
denly draw them with it into their mouths.” 
Tis alſo to be conſider d, that many things may be uſeful, in an or- 
ical part, beſides thoſe whereby its office is primarily and chiefly per- 
m'd. Thus, tho' the eye-lids, and their motions, together with the 
leglands that belong to them, are not atall neceſſary to the act of viſion ; 
they are to the compleatneſs, and welfare of the eye: as is manifeſt 
the pain and prejudice that organ receives, if the eye-lids be conſide- 


: Wy diſorder'd. 


But, beſides thoſe uſes of the parts of a human body, which I call ana- 
ical, becauſe they are ſuch as anatomiſts have diſcover'd, by mere 
ection; there may be ſeveral others, which I term chymical, becauſe 
le parts prepare ſpirits of ſeyeral ſorts, and, perhaps, perform other 
1 opera- 
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Paysrcs. operations, very important, if not neceſſary, to the welfare of a liviy 
man. | 

And there may ſtill be other uſes, very proper to be conſider'd, in ſon, 

parts of a human body; as the mechanical advantages for which they, 

rious ſhapes and ſtructures of different muſcles, the ſeeming irregular, 

bric of the bones, and eſpecially of the proceſſes and protuberances, , ige 

admirably fitted; and in ſome parts too there are peculiar ones: as for, 

ſtance, optical ones in the eyes, which muſt be conſider'd, before the 


ſign of nature therein can, without raſhneſs, be cenſured. ni 
Thus tho? the figure of the cryſtalline humour be much more ſpher i 
in moſt fiſh than in men, and other terreſtrial animals; yet he whoy ite 
derſtands the doctrine of refractions, and conſiders that fiſh under uu mn Me a 
are to ſee thro' a far thicker medium than air, will readily acknowl> p Nca 
that this difference between their eyes, and thoſe of men, is not an imm Mat 
fection in the former, but, whilſt thoſe creatures are in their own elem; e 1 
a great advantage, o' 
And, to be ſhort, I think there are ſo many ſciences, and other pn ble 
of knowledge, ſome of them perhaps ſcarce yet diſcover'd, that mayz M'tis 
requiſite to warrant a man in cenſuring the ends of God, in the bodis; Hemi 
animals, that very few men are qualified to condemn them juſtly; : tina 


thoſe who have knowledge enough to judge right, will not be forwardly Mey! 
condemn, but admire them. Thus men may eaſily be too raſh, in think: 7 
ing a part inartificially framed, upon ſuppoſition that by the anatomic 
diſſection of it they know all the uſes whereto the skill of the divine art! 
could deſign it. 

And it will not neceſſarily follow, that becauſe in ſome particular bit 
or beaſt, or fiſh, we are unable to ſay why this or that part is notto: ä 
found, or why it is otherwiſe framed or ſituated than that which is an: nat 
gous thereto in man; it muſt therefore be caſually or undeſignedly fran d 
or placed; ſince we cannot expect, from brute animals, anſwers to ti: rr 
proper queſtions about their own bodies, which we can receive from nt: L 
about theirs. Nay, notwithſtanding the great diligence with whichit An. 
more curious phyſicians are obliged to cultivate anatomy, and the frequi et. 
opportunities they have to do it, and to inquire of living men about wi: 
they obſerve, and feel, when the natural uſe of their parts is hinder de ane 
perverted ; yet we are to this day at a loſs as to the true uſes of the vill: ea 
parts of the body, to ſay nothing of the inviſible ones. So that W er r 
wonder if in animals, whoſe fabric we have much leſs concern to ina“? 
into, and much leſs opportunity to examine, we ſometimes find parts, 
whoſe uſes and fitneſs men are hitherto unable to give a ſatisfactory! 
count. For even in man himſelf, tho? there be numerous valves found! 
his veins, yet for thoſe many ages that the true uſes of them were unknoꝶ 
an ' Epicurean phyſician might have thought he had reaſon to look UP Þ 
them as ſuperfluous parts; which, ſince the circulation of the blood del 
cover'd, are acknowledg'd of the greateſt utility. 


Auf 


\ * * 
FW. 
ES. 

_—_ 

. 


Final Cauſes of Matural Things. 


4 Pp . 1 
= Al 
> 

; 


And, ſince God is both a moſt free, and a moſt wiſe agent, it need not Pays1cs. 
em ſtrange that he ſhould adorn ſome animals with parts or qualities that. 


e not neceſſary to their welfare, but that ſeem defign'd for their beauty; 


N geons, parrots, and the ſmaller birds, 
e creature the humming-bird. 


__ 
2 4 
3 _ 


his conduct makes it ſeem as if 


Y delineated. | 
And if we allow, as *tis very probable, that God deſign'd, by the 


ann. 


ed bounds, or rules, 


ch as the diſpoſition of the camelion to change his colour, and the lovely 
een, blue, yellow, and other vivid colours, that adorn ſome ſorts of 
and eſpecially that admirable lit- 


on the other ſide, God's wiſdom ſometimes ſeems to be provident, and 
llicitous, not to beſtow on an animal, or a part of it, more than is neceſ- 
ry for the uſe whereto either is deſign'd. Thus the veins are by anato- 
Pitts obſerv'd to have but one coat, and uſually to lie more expoſed than 
Wc arteries that accompany them, which have ſtronger, and double coats, 
Naauſe they are to convey a more important liquor, which liquor, beſides 
War 'cis more agitated and ſpirituous, is forcibly impell'd into them, by 
e ſtrong muſcular contraction of the heart. 
o' the nerves uſually lie deep, to be kept both ſafe and warm, being very 
ble to be offended both by cold and the contact of external bodies; yet 
etis neceſſary that the optic nerve ſhould expand itſelf into the eye, the 
Wembranes which inveſt that nerve, and other coats of the eye, except the 


And *tis obfervable, that 


ina, are made vaſtly more firm than the Dura, and the Pia mater, whence- 
Mey proceed; and tho? expoſed to the free air, are leſs ſenſible of the cold 
than moſt parts of the body, and will bear, without danger, ſeveral li- 
ors, and other offenſive things, whoſe pungency would put other nerves - 
che body into convulſive motions. | a 

God, like an excellent writing- maſter, 
in the great volume of his creatures intend to beſtow on fome of them 
Wngs rather ornamental than neceſſary, as flouriſhes on the capital letters 
nature; and ſometimes to employ characters of different ſhapes, to 
d for the ſame letters; and ſometimes, alſo, to employ abbreviations, 
press, in ſhort, that which might be very juſtifiable, had it been more 


reat 


iety of his works, to diſplay to his intelligent creatures the great abun- 
ce of his wiſdom ; *tis obvious that much of the variety obſervable in 
2 analogous parts of animals, may · be very conducive to fo comprehen- 
e a view; whereto the beauty of ſome creatures, and parts, as well as 
eir more neceſſary or convenient ſtructure, may be ſubſervient; eſpe- 
ally if the innocent delight of man be alſo intended, as it ſeems to be, in 
e curious colours and ſhapes of ſeveral flowers, in the melodious muſic 
birds, and in the vivid and curiouſly variegated colours of the feathers 
ſeveral winged animals; particularly thoſe that make up the peacock's 


'Tis worth our obſerving, that we are not near fuch competent judges 
wiſdom, as of juſtice and veracity, which are eſtimated by eternal and 
very intelligible to a moderate underſtanding. . 
ut as for wiſdom, the more profound it is, the leſs we are able to loo 
thro? 


Pays1cs. thro? it, penetrate to the bottom of it, and judge knowingly of in 
actions. And therefore, tho* we may ſafely conclude, that God a, 
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wiſely, when he does any thing that has an admirable tendency to thop 
ends, we juſtly ſuppoſe him to have deſign'd ; yet we cannot ſafely con. 
clude in the negative, that this, or that is unwiſe, becauſe we do not dif. 
cern a wiſe tendency therein. For ſo wile an agent may have other de. 
ſigns than we know of, and further aims than we can diſcern, or ſuſpeg, 
and may have at hand, or furniſh himſelf with ſuch means to compaſs hi 
ends, and that even by the co-operation of what we think uſeleſs, 9 
improper, as are far above the reach of our conjectures; and withoy * 
the knowledge of which, we raſhly cenſure the wiſdom of his proceei 
ings. 

In the double horizontal dial, formerly mention'd, it would be rh 
of any to condemn, or deſpiſe, the various lines they find traced upon thy 
uſeful inſtrument, becauſe they ſee they are not neceſſary to ſhew th 
hour of the day; ſince the mathematician, who drew thoſe lines, may h 
well ſuppoſed to have more ends than one, or two, in making the inſty. 
ment; and not to have drawn them by chance, or unskilfully, tho? then. . 
conſiderate cenſurers do not know for what other, or farther purpoc, 
the artiſt may have deſign'd them. 

Suppoſe ſome Indian fiſher-man, unacquainted with European arts a 
affairs, ſhould come on board a man of war, under fail z he would quick. 
ly perceive, by the uſe made of the tackling, that this floating build. 
ing was very artificially contrived ; yet, if he ſhould fix his eyes upon or: 
of the guns, or the anchors, and perceive that no uſe was made, 
likely to be made of them, in ſailing, he would be ſtrongly tempted u 
think, that thoſe heavy maſſes were uſeleſs clogs, and burdens to th 
veſſel. But if he were told the neceſſity, and uſefulneſs of the guns, fr 
defence; and of the anchors, to ſtay the ſhip in ſtorms; he would pr 
ſently alter his mind, and confeſs, that he had Cho contrivers fi 
that, which nothing but his ignorance kept him from commending. 

I have dwelt the 1 on this third propoſition,” becauſe I think it 
duty, that our reaſon owes to its author, to endeavour to vindicate li 
manifold wiſdom, in this libertine age; wherein too many, who hr 
more wit than philoſophy, labour upon Epicurean, and ſome even upn 
Carteſian principles, to depreciate the wiſdom of God; whilſt others pit 
ſume to cenſure his contrivances, in the bodies of animals. 

I had alſo a deſire, that the reader ſhould not barely obſerve the vl 
dom of God, but actually be convinc'd of it. To which purpoſe, in n 
N 5-90 tis very conducive, if not neceſſary, beſides general notions, u 
obſerve, with attention, ſome particular inſtancesof the divine skill, where 
in ĩt is conſpicuouſly diſplay*d. *Tis true, that in the idea of a Beg 
infinitely perfect, boundleſs wiſdom is one of the attributes incl | Þ 
ded : but, for my part, I am of opinion, that this general and indefinit 
idea of the divine wiſdom, will not give us ſo great a veneration for l, 
as may be produced in our minds, by knowing, and conſidering the m_ 

| h ra 


= - 
4 


ad furniſh'd with the parts it conſiſts of, merely for its own ſake. 
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3 rable contrivances of the particular productions thereof z and exqui- Paysres. 
ate fitneſs for thoſe ends and uſes, to which they appear to have been NN 
; s ; * a fign'd. 


oer. . 


2 ought not to be haſty in concluding upon the particular uſe of a thing, or the 


motive which induced the author naturr to frame it in a peculiar manner. 


I.. has been already ſhewn, that ſome parts are ſo excellently, and ma- 
Fifeſtly fitted for a certain uſe, and ſo much better adapted to that, than 


I o any other; as to make it ſeem perverſe, to doubt of its being deſign'd 


ereto, But the like cannot be ſaid, in general, of all the parts of the 
ody; eſpecially of the internal. There are many uſes, either neceſſary, 


r highly conducive to the welfare of the animal, that have no part ſo 


uch more conſpicuouſly fitted for them than another, as to leave it eaſy 


1 d determine the true, and primary offices thereof; eſpecially, with ſo 
L 


uch certainty, as thereon to-ground philoſophical inferences. And, of 
Wis difficulty, I conceive, there may be four reaſons ; tho? they do not all 
N ccur in each particular caſe. | 
And, firſt, the whole animal itſelf, that we confider, is a part of the 
®amniverſe ; and, therefore, cannot well be ſuppoſed to have been _—_ 
And, 
hen we ſay, that all its parts are contriv'd to the beſt advantage to the 
imal; I conceive, this is to be ſo underſtood, in a limited ſenſe ; that 
e parts are excellently framed for the welfare of the animal, as far as 
at welfare is conſiſtent with the general ends of the author of nature, in 
e conſtitution, and government of the univerſe; which ends, becauſe 
ey relate to the whole world, I call coſmical. It has not, indeed, been 
Wov'd, that none of theſe cofmical ends are diſcoverable by us: however; 
diſcover them all, is no eaſy task. Yet, it ſeems preſumptuous to ſup- 
e, that the welfare of particular animals is any farther deſign'd, and 
# dvided for, than will confiſt with the coſmical ends of the univerſe, and 
courſe of God's general providence; to which his particular providence 


2 


l 


sght, in reaſon, to be ſubordinate. And, tho? it ſeems great raſhneſs 


men, to determine poſitively, and excluſively of others, what ends the 
niſcient creator propoſed to himſelf, in giving to the world its preſent 
me; yet, as far as I can hitherto diſcern, I ſee nothing more likely to 
Noe been one grand motive of ſo great a variety, as we obſerve in his 
dr poreal works, eſpecially in animals, than that he might, by ſo many 
Wy different contrivances as are to be met with in the ſtructure of men, 
aadrupeds, birds, fiſh, reptils, &c. exerciſe and diſplay his manifold 
dom. As man, even upon account of his body, is acknowledg'd the 
oft perfect of animals; if God had barely deſign'd to give every crea- 
re the moſt advantageous ſtructure, it ſeems, that he ſhould have made 
other animals than men.. But,. then, there could not have been that 
verſity of contrivance among living automata, which ſo greatly recom- 


3 mends 
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Pn vsics. mends the wiſdom of him who could frame ſo many and ſo differing ay. 1 


1 
= 
= 

« =_— 


LYN mals, tho? not all equally perfect, yet all admirably furniſh'd for thog ec 
b purpoſes to which he deſign'd them. It does not therefore argue any wan J 
of providence, that he has not furniſh'd man with wings, fiſh with feet 3 

and birds with fins and ſcales; becauſe theſe parts would have been eithe Mt 
ſuperfluous, or burdenſome, or unſuitable to his deſign of fitting ſome a. - 

mals to live on the earth, and others in water: and if he deſign'd any t Mt 

inhabit both, he furniſhes them with parts of a peculiar ſtructure, as v; ] io 

formerly noted of the beaver. Were it not for this conſideration, } on 

would be hard to aſſign the reaſon why vegetables are not the food of Wat: 


animals, but that ſome ſhould be carnivorous, and furniſh'd with appe. 
tites and- organs. to devour others, and live, as birds and beaſts of Prey 


upon the weaker. And *twill be hard to ſhew why even in animals of ty 
ſame kind, the ſafety of ſome ſhould be ſo much better provided for thy er 
that of others; as we ſee ſome ants and glow-· worms furniſh*'d with wing, 

and others not. And even in our own ſpecies, thoſe of the female ſexy lf 
not ſo happily framed, in order to their own welfare, as males; ſince ty git 
uterus, Sc. which are not neceſſary to the good of individuals, butt he: 
the propagation of the ſpecies, ſubject that tender ſex to a ſett of diſeſs ior 


peculiar to them. So that men may ſometimes miſtake, when they x. Vids 
remptorily conclude that this or that part of an animal muſt or cany! Mrtie 


have been framed for ſuch a particular uſe, without conſidering the coſni, JAW tl 
cal, primary, and over-ruling ends, that may have been defign'd by mur cl 
in the conſtruction of the whole animal. | ea 
2aly, Men ſometimes erroneouſly conclude, that ſuch an office cm the 
belong to ſuch a part, becauſe they think it is not ſo commodioſß ae! 
framed for it, as might be wiſh'd; without conſidering whether it: . 
ſtructure they propoſe would not, in ſome other as conſiderable reſp eee 
oppoſe the welfare of the animal; or whether it would be conſiſtent wii Merd 
the other uſes deſign'd by nature in that fort of creature. For in tt us 
living works of ſo excellent an architect as nature, it muſt not ben nr 
pected that any particular end ſhould be proſecuted, to the prejudte ? al 
the whole; but it muſt rather be ſuppos'd that ſhe aims not only! Þ mA 
for 


particular expedients, but univerſal ſymmetry, while ſhe excellenthj f 
the ſeveral parts for their reſpective offices, tho* only ſo far as a 
regard to the deſign, and welfare of the whole, will permit. Thus: an 
we before obſerv*d, tho? man be allow'd the molt perfectly framed of a 
animal in the world, yet his body is not made the model for nature!! * 
form the correſpondent parts of other animals by. The lungs of a dd 

a bird, a frog, a viper, Sc. are of a ſtructure very different from tis 

of man. He is not furniſh'd with ſo many ſtomachs as an ox, o 
ſheep; becauſe nature intended not that he ſhould ruminate like th?) I 
And tho? his gall be lodg'd in a peculiar bag, within the liver; yet tus 

raſh to ſay that the ſecretion of the bile is none of the uſes of thoſe 11} } 
wherein ſuch a cyſtis is not to be met with; ſince, in ſome animal Þ'Y 
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; 2 zn horſes and pigeons, that bitter humour is not, uſually, - as in man, cob Parysrcs! 


rr'd, the containing cyſtis does not at all touch the liver. 
ah., 'Tis difficult to determine the true and primary uſe of a part; be- 
Hauſe nature often fits one part for ſeveral uſs. ry 
And, 4bly, It ſometimes increaſes the difficulty, that nature may com- 
Has the fame ends by ſeveral means, each of them ſufficiently: commo- 
ious. I join theſe two obſervations together, becauſe in effect they often 


p *KEoncur to render it hard to determine the true uſe of a part. Neither does 
ature conſtantly employ only one part to perform a particular office; but 
A Whe deſign'd effect is ſometimes produced by a ſeries of ſucceſſive opera- 
. Pons, to which ſeyeral parts may differently contribute. 
th Neither the mechaniſm of a human body, nor of very conſiderable parts 
hy ereof, is to be aſſignꝰd from the bare ſtructure of the viſible matter, whe- 


s er folid or fluid, to be found in the veſſels and cavities of a dead body, 

 EKKilfully diſſected. For the body of a living man is a very compounded 
„ gine, many of whoſe functions are perform'd, not by the blood, and 
tt ber viſible fluids, barely as they are liquors, but partly by their circu- 


%% ion, and other motions, and partly by a very agile and inviſible ſort of 
N. ids, call'd ſpirits animal and vital; partly, perhaps, by little ſpringy 
mo. Mrrticles, by ſomewhat that may be call'd the vital portion of the air, and 
Fl * By things analogous to local ferments: the important operations of all 
mn ich, ceaſe with life, and the agents themſelves are not to be diſcern'd in 
cad carcaſs. So that, beſides thoſe manifeſt uſes which the viſible fabric 
inn the engine may ſuggeſt to an anatomiſt, there may be chymical uſes of 
oh me parts that ſerve for the elaboration of ſpirits, — other fluids; which 
r tt ts, as we formerly obſerv'd, are not ſuggeſted: to the anatomiſt by the 
ſpl, eection of the ſtructure of the parts, but to diſcern them may require 
tit Perdinary skill in chymical principles and operations 
in de Nach conſiderations as theſe lead me to think it exceeding difficult to de- 
ben ine with any certainty the principal uſe of many particular parts, eſ- 
1%:s 8 ally if other uſes be excluded. It is not enough to ſecure us, that we 
N erſtand the chief function and end of a part, to know that it is contri- 
ly i: for ſuch a purpoſe ; fince this fitneſs. hinders not but that the primary 
a dt > of the part may be another more conducive to the general welfare of 
hus, 3 2 animal, or the coſmical ends of nature. And it ought not to ſeem 
of in ange that ſome pieces of workmanſhip, conſiſting of many parts, all 


them curiouſly. contrived, ſhould, by one learned man, be gueſs*d to 
deſign'd for this uſe, and by others for that; while both of them may 
8 e ertiscar. f 2 ce 10 N Sl to 01 
en ſome very politic prince does a great thing, without declarin 
y 3 the gueſſes: of the ſtateſmen are often very different, tho? — 7 
em aſcribe to him a deſign unbecoming a wiſe man. So when a learn- 
author expreſſes himſelf ambiguouſly, one reader interprets his wortls 


1 
— . 


OL, II, 


= ſenſe, and another to that; yet both of the ſenſes pitch'd on, 
| Cg2!'t 2% 1 (TEE? | may 


eacd into one bag: and tho' it be ſo in vipers, yet, as far as I have ob 


— 
7 


Paysrcs. may fairly agree with the context, and the main ſcope of the writer, Thi © 
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l ay, becauſe I would by no means diſparage the wiſdom of nature, b 


© propoſing the difficulties I have hitherto mentioned, tho? I confeſs, tha 


upon the account of them, and ſome others, I look upon many of the a: 
guments that ſeveral authors draw from final cauſes, but as conjecturs 
And in many caſes I allow what is ſuggeſted to me, upon the ſuppoſitiy 
of the intended uſes of particular parts, rather as proper hints to exc; 
and direct a more thorough inquiry, than as ſafe grounds to build phyſi; 
concluſions on. 


|  ++P:RO B; V. 
The naturaliſt ſhould not ſuffer the ſearch, or diſcovery, of final cauſe, | 
make him undervalue, or neglet}, the inquiry after their efficients, 


*Tis true, to inquire for what purpoſe nature would have particulars 
fects produced, is a curioſity worthy of a rational creature. But tho! 
not the proper task of a naturaliſt, whoſe work is not ſo much to diſcor 
the manner wherein, as for what reaſon particular effects are product 
Thus an ignorant ruſtic in Exg/and knows fomething of a watch, if he; 
able to tell you that *tis an inſtrument made to meaſure time; which; 
more than every American ſavage would be able to ſay, and more than thi 
civiliz'd Chineſe knew, who took the firſt watch they ſaw for a living ct: 
ture: yet the Engliſh ruſtic, who knows no more of a watch, than tr 
*twas made to ſhew the hour of the day, underſtands but very little of i 
nature of that machine. And as the two things men aim at in phyſa 
are to underſtand after what manner nature produces the phenomenons 
contemplate z and, in caſe it be imitable by us, how we may, if occaſi 
requires, produce the like effect, or come near it; theſe ends cannatt 
attain'd by the bare knowledge of the final cauſes of things, nor of“ 
general efficient. But, to anſwer thoſe intentions, we muſt know the 
ticular efficients, with the manner and progreſs of their operating, i! 
what diſpoſitions they either find, or produce in the matter they work 
Thus, he who would thoroughly underſtand the nature of a watch, ni 
not reſt ſatisfy d with knowing, in general, that a man made it for {ic 


uſes 3 but he muſt, particularly, know of what materials the ſpring, q 


wheels, the chain, and the balance are made; he muſt know the nun 
ber of the wheels, their magnitude, ſhape, ſituation, and connexion, 
the engine, and after what manner one part moves another, in the wv 


ſeries of motions, from the expanſive endeavour of the ſpring, to tit" Þ 
volutions of the index that points the hours. And much more mu. 
mechanic know all this, if he means to make a watch himfelf, or to g 
ſufficient inſtructions for it to be made. In ſhort, the neglect of ethic Þ 
cauſes would render philoſophy uſeleſs; but the ſtudious ſearch 1. 


them will not prejudice the contemplation of final cauſes. For the" 


author of nature has ſo excellently contriv'd the univerſe, that the n 
clearly and particularly we diſcern how ſuitable the means are o 
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d by them, the more plainly we diſcern the admirable Px vsics. 1 
Fiddom of the author of things; who is“ wonderful in counſel; and e- 


llent in working,” Nor will the ſufficiency of the intermediate cauſes 
Fake it needleſs to admit a firſt and ſupreme cauſe, ſince that order of 


Wings, by virtue whereof theſe means become ſufficient to ſuch ends, muſt 


ve been at firſt inſtituted by an intelligent cauſe. And if it be irrational 


d aſcribe the excellent fabric of the univerſe, and the actions that have 
anifeſt tendencies to determinate uſeful ends, to ſo blind a cauſe as chance; 
will be rather more irrational to aſcribe to chance the firſt formation of 
Se univerſe ; of which the preſent ſtate of things is but the natural conſe- 
Wuence, or effect. For it may indeed be plauſibly ſaid, that in the preſent 
Nee of things the ſeveral parts of the univerſe are, by the contrivance of 
We whole, determin'd, and thereby qualify'd to obtain their ends; but it 
rnot be rationally pretended, that at the firſt formation of the world 
ere was a ſufficiency in the ſenſeleſs materials of it, without any parti- 
lar guidance of a wiſe ſuperintendent to frame bodies which are ſo excel- 
tly contriv*d, and fitted to their reſpective ends. | 

Upon the whole, it appears, that all conſideration of final cauſes is 
2 t to be baniſh'd from natural philoſophy, but that *tis rather allowable“, 
, in ſome caſes, commendable, to argue, from the manifeſt uſes of 
Zthings, that the author of nature pre-ordain'd them; that the ſun, and 
moon, with the other celeſtial bodies, excellently declare the power, wiſ- 
n, and glory of God; and were, ſome of them, among other pur- 
es, made to be ſerviceable to man; that, from the ſuppos'd ends of 
nimate bodies, whether celeſtial or ſublunary, tis very unſafe to 
=w arguments to prove the particular nature of thoſe bodies, or the 
ſyſtem of the univerſe ; that, as to animals, and the more perfect 
t of vegetables, tis warrantable to ſay, particular parts were pre- 
ined to particular uſes, relating to the welfare of the animal, or 


1 Final cauſes are allowable in philoſo- c jncreas'd, and at others, diminiſh'd. We 


17 and Sir 1/aac Newton himſelf ſcru- «© are not, therefore, to expect, that the 
| not to aſſign them in the ſtructure and | ſame comet ſhall always exactly return in 
rrivance of the univerſe. And of this © the ſame orbit, at the ſame period of 
1 have a remarkable example-in his do- © time. And hence appears the rea- 
e of comets. ** Comets, (ays that „ ſon why comets move not in the zodiac, 
dmirable philoſopher) by reaſon of the « as the planets do; but ſtray from it, in 
p _ number of them, the vaſt diſtance 4 various motions, to all the parts of the 
df their _ from the ſun, and the „ heavens: for, in their aphelia, where 
conſiderable ſtay they make there, muſt « their motion is loweſt, they ought to 
eceſſarily receive ſome diſturbance from {| « he at the greateſt diſtance from one ano- 
2 gravitations to — other. * ther, that their mutual attractions may 
heir eccentricities, and times 60 1 ton. Princip. p. 480. 
of revolution, will ſometimes be a little * 


Cc 2 plant 
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pn V8ICS: | plant itſelf, or to its ſpecies ; but that ſuch arguments may eaſily deceive, 
VN if thoſe who form them are not very cautious to avoid miſtaking, among 
| the various ends that nature may have in the contrivance of an animal bo. 
dy, and the various ways which ſhe may ſucceſsfully take to compaſs the 

ſame ends; and laſtly, it appears, that a philoſopher, nevertheleſs, muſt 

not let the ſearch or knowledge of final cauſes make him neglect a carefy 
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r appears to me, that, among the objects of our reaſon, there are Digi above 
| ſome, whoſe nature we cannot comprehend ; others, whoſe attri- —_ 
butes, or actions, we cannot reconcile to the ſubject; and, laſtly, ; 
others, that we cannot conceive how they ſhould conſiſt with ſome 
Wnowledg'd truth: and theſe may be called things above reaſon. By 
Ich 1 here underſtand, not ſuch things as are falſe, and abſurd ;- but 
as, tho” the underſtanding ſees ſufficient cauſe to aſſent to, yet finds 
tle] reduced to this aſſent, with a remarkable, and peculiar, diſadvan- 
And this diſadvantage, uſually, proceeds either from the nature of 
hing oh rrp which is ſuch, that we cannot, ſufficiently, compre- 
it; or, from our being unable to conceive the manner of its exiſtence, 
operation; or, becaule it involves ſome notion, or propoſition, that 
ſee not how to reconcile with ſome other, which, we are perſuaded, is 
. The firſt of theſe three ſorts of things, may be call'd incompre- 
ſible 3 the ſecond, inexplicable; and the third, unſociable. eee. 
he firſt conſiſts of thoſe things, whoſe nature is not diſtinctly, and ad-,/ncompreber- 
ately, comprehenſible by us; to which, perhaps, we may refer all ſuch//#%. _ 
Jlectual Beings, if any be granted, as are, by nature, of an higher or- 
than human ſouls; at leaſt, we may refer to this head the great au- 
dr of nature. | 
he ſecond ſort of things above reaſon, conſiſts of ſuch as, tho? we do {-x7/ica4/s, 
deny to exiſt, yet we cannot clearly, and ſatisfactorily, conceive how 
y can be what we acknowledge they are: as, how matter can be infinite- 
iviſible; and how there ſhould be ſuch an incommenſurability betwixt 
ſide, and diagonal, of a ſquare, that the ſmalleſt line cannot, ad- 
ately, meaſure them both. 
3 The 
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The third ſort, are things incumber*d with difficulties, and objectio 
that cannot directly, and ſatisfactorily, be removed by thoſe who 2. 


quieſce in the receiv*d rules of inferior ſciences, and reaſon but at t 


common rate; ſuch objects of contemplation having ſomething belong 


to them, that appears irreconcilable with ſome very manifeſt, or ackng. 


legged truths. 


murder, adultery, theft, and other crimes, being founded upon a ſupp, 


ſition, that men have a power to forbear committing them: and the ſe; 


men have of being poſſeſſed of this power over their own actions, is gre 
enough to make malefactors acknowledge their puniſhments juſt; beiy 
condemned by their own conſciences, as well as by their judges. et it 
generality of mankind aſcribe to God an infallible preſcience of huny 
actions. But how a certain fore-knowledge can be had of contingent thing 


and ſuch as depend upon the free-will of man, is that which we are una; i 


clearly to comprehend. And, doubtleſs, tis hard to conceive, hoyy 
infinitely perfect Being ſhould want preſcience ; or, that our will ſhall 
want the liberty we almoſt perpetually exerciſe. | 

Again, geometricians teach the diviſibility of quantity ad infinitun, u 


be mathematically demonſtrable. Suppoſe, then, a ſtrait line, ot tir 


feet long, divided into two parts, the one double to the other; nov; 


line of two feet isdiviſible into infinite parts, or it is not; if you ſay ti 


not, you contradict a demonſtration ; if you ſay it is, you muſt cont 
either that the line of one foot is diviſible into as many parts as the [i 
of two feet; or elſe, that the infinite parts into which the line of onef 
is granted to be diviſible, is exceeded in number by the parts into li 


the line of two feet is diviſible ; and, conſequently, that the line of m 


feet has a multitude of parts, greater than infinite. Which reaſon 
let us ſee, that we may be reduced, either to reject inferences far) 
drawn from manifeſted, or granted truths, or to admit concluſions tis 


appear abſurd ; if we will have all the common rules, whereby we juz it 
of other things, to be applicable to infinites. Hence it is clear, in tt 1 


general, that there may be things which ſurpaſs our reaſon; at leaſt! 
far, as not to be judg'd of by the meaſures and rules uſed in judging! 


things what ordinary occurrences: for which reaſon, I ſhall call them privily: 


The imperfeti- But, to manifeſt the imperfections of our reaſon, with regard to pri: | 


on of the 
Human mind. 


things. 


leg'd things, we need not have recourſe to the divine nature: a mati 
matical demonſtration may ſerve the turn. For, ſuppoſe a great cid 
divided into its 360 degrees; and ſuppoſe any number of ſtrait lines, dr 
from the ſeveral aſſignable parts of ſome one of theſe degrees, to 


centre; *tis manifeſt, that the degrees being equal, as many lines maj} } 


drawn from any other; and ſo from every one of the reſt. 
Then, ſuppoſe a circular arch, equal to the aſſumed degree, to! 


Thus, that man has free will, at leaſt with regard to civil matter, 
the general confeſſion of the ſpecies : all the laws that forbid, and punk 


further bent into the circumference of a little circle, concentrical with 
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centre. Whence tis evident, that all the lines, drawn from the cir- 
ference to the centre of the greater circle, muſt paſs thro? different 
ints of the circumference of the ſmaller; and, conſequently, that as many 
s as can, even mentally, be drawn from the ſeveral points of the cir- 
ference of the great circle to the common centre of both circles, muſt 


A 1 paſs thro different points of the little circle; and thereby divide it into 


any parts as the greater circle is divided into. Here, then, the cir- 
ference of the leſſer circle preſents us with a curve line, which was 
poſſibly diviſible into more parts than an arch of one degree, or the 
dth part of the circumference of the greater circle; yet, without being 
Wo then'd, it becomes diviſible into-as many parts as the whole circum- 
ace of the ſame greater circle. And, tho? we ſhould ſuppoſe the circum- 
ence of the internal circle not to exceed one inch ; and that of the exte- 
circle to exceed the circumference of the terreſtrial globe, or Orbis 


I gnus itſelf ; ſtill the demonſtration would hold. 


And, ſurely, tis very agreeable, both to the nature of God, and to 
Wc of man, that ſuch things as theſe ſhould prove true; for we miſtake, 
WS flatter human nature too much, when we think our underſtanding ſo 
mited, both in point of capacity, and of extent; and ſo free, and 
Mrrepoſſeſs'd, as many philoſophers ſeem to ſuppoſe. For, whatever 
elf: love may incline us to imagine, we are really but created, and 
ee Beings, and come into the world but ſuch as it pleas'd the moſt free 
or of nature to make us. And, from this dependance, and limita- 
pof: our natures, it follows, not only that we may be born with certain 
reſhons, appetites, or tendencies of mind; but alſo, that the means 
nus to employ in the ſearch, or judging of truth, are only propor- 
ble to the deſign of our make; and, therefore, may, probably, be 
po ſcd not able to reach all kinds of truths; many of which may be 
eeſſary for us to know here: and ſome may be reſerv'd, to render us 
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le of the imperfections of our natures, and to make us aſpire to that 


ition, wherein our faculties ſhall be much enlarged, and heighten'd. 
ems not, therefore, unreaſonable to think, both that God has ſo li- 
d our faculties, that, in our preſent ſtate, there ſhould be ſome objects 
fond the comprehenſion of our underſtandings; or, that ſome. of his 
atures ſhould not be able perfectly to underſtand ſome others; and yet, 
Wt be has given us light enough to perceive, that we cannot attain to a 
ar, and full knowledge of them. | | 
t may here, indeed, be objected, that tho? the Inſtances given, have not 
hitherto clear*d by the light of reaſon, yet, tis probable, they may 
ſo hereafter ;- conſidering how great a progreſs is, from time to time; 
de in the diſcoveries of nature. I anſwer, that I imagine, what future 
overies are made, will chiefly concern thoſe things which either we are 
orant of, for want of a competent hiſtory of nature; or miſtake, thro? 
oneous prepoſſeſſions, or for want of freedom, and attention, our 


t one; it follows, from the nature of a circle, that the ſemi-diameters Pays es. 
it, how many ſoever they be, can no where touch one another, but in 
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'Pays1cs. ſpeculations. But as to all metaphyſical difficulties, wherein neither m 
WYRL ters of fact, nor the hypotheſes of ſubordinate parts of learning Are g 


After what 


manner human axioms, and propoſitions, wherewith, as by rules and meaſures, it a 


reaſon as. 


that proceed not from any perſonal infirmity, or evitable faults, but fy, 
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force, we have little to expect. And, however it be as to other abſiny 
objects; lam very apt to think, there are ſome things relating to the; 
finite Being, which will ſtill remain incomprehenſible; even to philg, 
phical underſtandings. I can ſcarce hope to fee thoſe obſtacles ſurmow 


the limited nature of the human mind. Beſides, as mankind may jy, 
after explain ſome of thoſe grand difficulties, which have hitherto p 
plex'd philoſophers; ſo their inquiries may, poſſibly, lead them to d 
cover new difficulties more perplexing than the firſt. For, even amoꝶ 
the things wherewith we are already acquainted, there are many wh 
we think we know, only becauſe we never, with due attention, ty 
whether we can frame ſuch ideas of them, as are clear, and worthy fx. 
rational mind to acquieſce in. This appears from the great intricacyty 
conſidering men find in the notions commonly receiv'd of ſpace, tin 
and motion, &c. and the difficulties of framing clear, and fatisfaty 
apprehenſions, even of ſuch obvious things. We ſee alſo, that the ax 
of contact, the doctrine of aſymptores, and that of ſurd numbers, 
incommenſurable lines, all which gives no concern to common accomp 
and ſurveyors, perplex the greateſt mathematicians. Hence the gro 
curioſity of mankind is not more likely to ſolve ſome difficulties, tha: 
raiſe others; which may prove more inſuperable than they. | 

The motion of a coach-wheel is ſo obvious, and ſeems ſo plain a ti 
that the coach-man never looks upon it with wonder; yet after Ariſtolli 
taken notice of the difficulty that occurr'd about it, this trivial phenux 
non has perplex*d even famous mathematicians, and continues yet ut 
ſo: there being ſome circumſtances in the progreſſive motion and roi: 
of the circumference of a wheel, and its nave 3 or of two points aſlig; 
the one in the former, and the other in the latter, that have appear'iw 
ſubtile for modern writers. oF 1 50 

And here we may obſerve, that reaſon operates according to certain it 


ceives, eſtimates, and judges of things. And, indeed, when we ſay, 
a thing is conſonant or repugnant to reaſon, we mean uſually, that i 
either immediately or mediately deducible from, or at leaſt conſiſtent v! 
or contradictory to one or other of theſe ſtandard- rules or notions. Þ 
if theſe rules and notions be ſuch as are drawn only from finite things, d, 
agreeable but to thoſe ; they may prove uſeleſs or deceitful, when ve , 
to ſtretch them beyond their meaſure, and apply them to infinites. | 
To illuſtrate and confirm this notion. All the things that we nat) } 
do or can know, may be divided into ſuch as we may acquire withol!! 3 
medium, and ſuch as we cannot attain to, but by the intervention oi I 
medium, or by a diſcurſive act. To the firſt belong ſuch notions asareli 
poſed to be connate; as, that Two contradictories cannot be both ti} 4 


The whole is greater than a part thereof; © Every whole nume 
eg 
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„eicher even or odd ;” Sc. as alſo, thoſe other truths, that are aſſent- Pu vsics. 
s to upon their own account, without needing any medium to prove: 
em; ; becauſe that, as ſoon as by clear terms, or fit examples, they are 
't MWaioly propoſed to the underſtanding, they diſcover themſelves to be true 
% = maniteſtly by their own light, that they want no propoſition to make 
We underſtanding acquieſce in them. Of this kind are ſome of Euclid's 
m ioms; for inſtance, ** If to equal things equals be added, the totals will 
It be equal. | | 
ſt To the ſecond ſort of things knowable by us, belong all that we acquire 
0 y the act of reaſoning ; wherein, by means of propoſitions or mediums, 
oi e deduce one thing from another; or conclude, affirmatively. or nega- 
ii ely, one thing of another. This being ſuppoſed, and we being con- 
Pous toourſelves that we are not the authors of our own nature; all the 


| Perience we have hitherto had, leads us to think, that the meaſures ſug- 
th X ed to us, either by ſenſations, the reſults of ſenſible obſervation, or 


in, NF 1 other inſtruments of knowledge, are ſuch as fully reach but to finite 
r rgs; and, therefore, are not ſafely applicable to others. And many of 
2: ce principles that we think very general, may be only gradual notions 
,: MW truth; and but limited and reſpective, not abſolute and univerſal. 

nd tho perfect ſyllogiſms be counted the beſt and moſt regular forms, 
n, our reaſonings can aſſume; yet even the laws of theſe are grounded on 


hut g doctrine of proportions; for even between things equal, there may be 
o portion. Upon this ground, I ſuppoſe, it is, that mathematical de- 
1 ſtrations have been publickly propoſed of the grand ſyllogiſtical rules. 
. in conſequence hereof, geometricians tell us, there is no proportion 
eeena finite line and an infinite; becauſe the former can never be ſo 
| taken, as to exceed the latter; which, according to Euclid's defini- 


rm of proportion, it ſhould be able to do. Since then, the underſtanding 
fig, gates but by the notions and truths *tis furniſh'd with, and ſince theſe 
ar Ws inſtruments, by proportion to which, it takes meaſures, and makes 

ments of other things; ſuch inſtruments may be too diſproportionate 
ins me objects, to be ſecurely employ*d to determine ſeveral particulars 


hm. Thus, the eye being an inſtrument which the underſtanding 
5b f ploys to eſtimate diſtances, we cannot by that, ſafely take the breadth 
„he ocean; becauſe our ſight reaches not far enough, to diſcover the 
nt of ſo vaſt an object. And the common inſtruments of ſurveyors, 
would ferve to meaſure the height of a houſe or a ſteeple, or even of 


ns. - 

25, 0h ountain, cannot enable them to take the diſtance of the moon. But when 
en we! onomers take, by ſuppoſition, a line that reaches from the ſurface to the 
5, Fre of the earth, tho' by the help of this, and the parallax, they may 
nat rably meaſure the diſtance of the moon; yet, with all their great in- 
7ithout! ry, they cannot, by the ſame way, with any tolerable accuracy, mea- 
tion 0 the diſtance of the ſtars 3 the ſemi- diameter of the earth bearing no 
a8 el. ible proportion to that of ſo vaſt a ſphere, as makes their parallax 
ochun Iſh: it being all one to ſenſe, whether, at ſo great a remove, a ſtar be 


rv'd from the centre, or from the ſurface of the earth. Thus when I 
or. Il. 9 think 
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Paysrcs. think of a triangle or a ſquare, I find in my imagination an intuitive ide: 
& of thoſe figures; that is, a picture clear and diſtinct, as if a figure of thy, 
ſides, or of four equal ſides and angles, were placed before my eyes. By 
if I would fancy a myriagon, or a figure conſiſting of ten thouſand equi 
ſides, my imagination is overpower*d with fo great a multitude, and frame 
but a confuſed idea of a polygon with a very great many fides. For if, 
man ſhould endeavour to frame ideas of a myriagon, or a chiliagon, th 
would be both ſo confuſed, that his imagination would not be able clear 2 
to diſcriminate them, tho? the one has ten times as many ſides as the othr, hh; 
Thus if you would imagine an atom, of which perhaps ten thouſand wou = 
ſcarce make up the bulk of one of the light particles of duſt that plays, 
the ſun-beams, ſo extraordinary a minuteneſs, not having fallen under 
of our ſenſes, cannot truly be reprefented in our imagination. So whz 
we ſpeak of God's omnipotence, and other of his infinite attributes a 
perfections; we have ſome conceptions of the things we ſpeak of, hy 
may very well diſcern them to be inadequate. And tho? ſeveral prop, 
tions relating to things above reaſon ſeem clear enough to ordinary cy pre 
Cities, yet he who ſhall with a competent attention, curioſity, and 5k Wit 
conſider and examine them, will find that either their parts are inconſiſk: _ Mke 
with one another, or that they involve contradictions to ſome acki ',; 
ledg'd or manifeſt truth, or are veil'd over with darkneſs, and encumbr'l WW nc 
with difficulties, from whence we are not able to reſcue them. Thu | 
when the ſide and diagonal of a ſquare are propoſed, we have clear ard 
ſtinct ideas of each of them a-part ; and when they are compared, n 
may have a conception of their incommenſurability; yet this negativen 
tion, if it be thoroughly conſider'd, and far enough purſued, clear]yct 
tains that of a ſtrait line being diviſible in inſinitum; and this diviſbilty: 
encumber'd with ſo many difficulties, and is ſo hard to be reconcile! 
ſome confeſs'd dictates of reaſon, that philoſophers and geometricians 
convinc'd of the truth, are to this day labouring to extricate them{c!! 
out of theſe perplexing intricacies. 
*Tis evident that ſome ſubſtance or other, whether God, the world d 
matter, never had a beginning, that is, has been for ever: but s 
we ſpeak of an eternity d parte ante, as they call it, we do not ſpeak “ 
thing whereof we have no conception at all; as will appear to a con 
ing perſon : yet the general notion we have is ſuch, that when we com? 
tentively to examine it, by the ſame ways whereby we judge of almot- 
other things, the underſtanding is confounded: for we muſt conceive, 
| the time eflux*d ſince the firſt man began to live, bears no greater propos 
| to the duration of God, or of matter, than a moment. And as there are! Þ 
| things, whoſe nature and conſequences puzzle our faculties ; there? 
| others, whereof tho* we have a notion, yet the Modus operandi is vej® 
| our comprehenſion. I do not mean only the true and certain Modi! 
| randi, but even an intelligible one. Thus tho' many, eſpecially Cari 
and that upon a philoſophical account, aſſert that God created the world, 
how a ſubſtance could be made out of nothing, 1 fear we cannot con { 
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ad cho! all philoſophers, very few excepted, believe that God made the PnySres. 

Þ& or1d out of pre-exiſtent matter; yet how he could make it, but by lo- PWR 
Ally moving the parts of the matter it was to conſiſt of, and how an in- 

Sorporcal ſubſtance can move a body, which it may pals thro? without re- 


3 EWMance, will be found hard to explain. If it be ſaid that the ſoul being an 
= material ſubſtance, can nevertheleſs move the limbs of the human body 
7 Wghtly diſpoſed ; I anſwer, it does not appear that the rational ſoul gives 
motion to the parts of the body, but only guides or regulates that 
1, Which ſhe finds in them already. 

li rhus then by making obſervations of ſuch things as are the proper ob- 
i Mts of our faculties, and by drawing juſt conſequences from ſuch obſer- 
7 tions, and from our other knowledge, we may come to be certain that 
Net We things exiſt, and ſo have general and dark ideas of them; when, at 
an > ſame time, we are at a loſs to conceive how they can be ſuch, or how 
by ey can operate and perform what they do; ſuppoſing the truth and ſuffi- 


ol 2 ncy of ſome other things we are convinc'd of. To be ſhort, negative 
prehenſions we may have of ſome privileged things; and poſitive, but 


kl, iſtinct apprehenſions of others; and that is enough, in ſome ſort, to 
fn ke eus underſtand ourſelves, and one another, when we ſpeak of them: 
10: WM when we ſufficiently conſider what we ſay, we may find that our words 
ver! not accompany'd with clear, diſtinct, and ſymmetrical conceptions of 
hu} oſe abſtruſe and perplexing things we ſpeak of. And ſince we find by 
106) eerience that we are unable ſufficiently to comprehend things, which by 
% Mr and juſt conſequences may be proved to exiſt; this ſtrongly argues, 
ben; at ſome of our conceptions may be of things whereto ſomewhat belongs, 
yu: tranſcends our reaſon, and ſurpaſſes our comprehenſion. So that 
in: ern natural philoſophy had taught men to believe God to be an in- 
leis rely perfect Beings we ought not to ſay that they had no idea of 
1s. a Being, becauſe they had not a clear and adequate one. And ſince 
nien ole profeſſedly diſcourſes of infinity, and cites the ancienter philoſo- 
for having done fo before him; and fince Democritus, Epicurus, Gaſ- 
714, 0 , and others, maintain either that the world is boundleſs, or that 
it ji Mee 15 not finite in extent, or that the world conſiſts of atoms, infinite in 
al; ber; we muſt not ſuppoſe they ſaid they knew not what, as the 
onſde { have done if they wrote without ideas of the things they treared-of: 
omes uwe may juſtly. ſay, that the ſubje& being infinite, the ideas they 
moſt ed of it could not be comprehenſive and accurate. Thus, when the 
ve, il looks into a deep fea, tho? it may pierce a little way into it, yet when it 
opori uld go deeper, it only diſcovers ſomewhat dark and indiſtinct, which 
Alesis ts the organ ſo differently from what other more genuine objects do, 
here # t we thence eaſily diſcern our ſight fails us in the way, before it arrives 
s be 1 bottom; and conſequently that there may be many things con- 
duh d there which our ſight is unable to reach. But if we really find 
ö re are things which our reaſon cannot comprehend, then, whether the 


ount I have given why our faculties prove mſufficient for theſe things 
good or not, there muſt be ſome true account or other of that info. 
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Pays1cs. ciency. And ſome things mult appear to us ſo ſublime and abſtruſe, 1, 
V we are unable to comprehend them, and to diſcern ſo much as the reaq, 
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Whether nw But it may be ask*d, how can we juſtify our diſcourſing, at all, oftiß 

may, with ju- 
2 5 

of things above 


reaſon ? 
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why they cannot be comprehended by us. | 
Upon the whole, then, we may reaſonably ſuppoſe, that the great a. 
thor of nature ſo framed man, as to have furniſh'd his intellective facyy ß 
with a light, whereby it can, not only eſtimate the power of a multitude; Mt 
other things, but alſo judge of its own nature and power, and diſcey 
ſome of the limits, beyond which it cannot ſafely exerciſe its act of judgjy 
and defining. But the rational ſoul does not only paſs judgment of t 
things without her, but about herſelf, and what paſſes within her: þ 
ſearches out, and contemplates her own ſpirituality, and union with t 
body. The intellect judges wherein its own nature conſiſts, and whet; 
or no itſelf be a diſtinct faculty from the will. And to come yet clo 
logic and metaphyſics are the works of the human mind; which, by f. 
ming thoſe diſciplines, manifeſts that it not only judges of reaſoning, h; 
of the very principles and laws thereof; teaching what things are neceſſy 
to obtain evidence and certainty, and what kind of mediums they ar 
from whence we muſt not expect any demonſtrative arguments relating 
a ſubject. Thus, if we compare the bodily eye with the underſtandig 
which is the eye of the mind; we muſt allow this difference, that thei: 
tellect is as well a looking-glaſs as a ſenſory ; ſince it does not only fee ot; 
things, but itſelf too, and can diſcern its own blemiſhes, bad conform 
tion, or whatever other infirmities it labours under. The ſoul, theres 
when duly excited, is furniſh'd with a light that may enable her to julz 
even of many of thoſe original notions, by which ſhe judges of «:: 
things. In ſhort, the ſoul, upon trial, may find, by an inward {(:: a; 
that ſome things ſurpaſs her force; as, a blind man being ſet to litt uy, 
rock, would quickly find it too unwieldy to be managed by him: and! 
utmoſt exerciſe of his ſtrength, would but convince him of the inſufficia 
of it to ſurmount ſo great a weight. We do not then pretend, that! 
eye of the mind ſhould ſee inviſibles; but only, that it ſhall diſcern 
limits of that ſphere of activity, within which nature hath bounded | 
and conſequently, that ſome objects are diſproportionate to it. Ae 
himſelf ſays, that the eye ſees both light and darkneſs; which expreſiv 
tho? ſomewhat odd, may be defended : ſince, tho? darkneſs is a privati® } 
not a Being, it cannot properly be the object of ſight; yet it may be“ 
ceiv'd by means of the eye, from the very different affection which 
organ ſuffers, when impreſs'd by luminous objects, and when it is n 
uſeleſs to us by darkneſs. 1 


tranſcending reaſon?? \ ach | 2 2 

The better to clear this matter, I muſt make ſome diſt inctions of“ 
notions or conceptions of the mind; and, for brevity ſake, give name“ 
thoſe I have now occaſion to employ. I conſider then, that whether“ 
conceptions or ideas we have of things, be ſimple or compounded, 


may be diſtinguiſh'd into ſuch as are particular or diſtinct, and ſuch | 1 | 
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general, dark, and confuſed, or indiſtinct. When a navigator to Paysres. 
W-nown countries, firſt gets a ſight of land, tho* he may be ſatisfied that: 


j 


zs land, yet he has but a very dark and confuſed picture of it made in 
eye, and cannot deſcry whether the ſhore be rocky, or what creeks or 
WMrbours it may have in it; much leſs, whether the coaſt be well inhabited; 
a if it be, what kind of buildings it has: all which he may plainly and 
ainctly ſee, upon going on ſhore. And of ſome things we have an ad- 
vate, of others but an inadequate conception: thus, if we ſuppoſe the 


me navigator ſhould look towards the main ſea, tho' he might ſee a great 


y diſtinctly, yet at length it would appear ſo dark and confuſedly to him, 
Wat at the verge of the ſenſible horizon, his ſight would make him judge 
ſea and sky came together; he would, however, conclude, that the ut- 
ct part of the ſea he could deſcry, was but a part of the ocean, which 
. for ought he knows, reach to a vaſt extent beyond the viſible horizon. 
our confuſed, and often, alſo, to our inadequate conceptions, belong many 
W thoſe that may be call'd negative; which we employ, when we ſpeak 
= privations or negations, as blindneſs, ignorance, death, Sc. We have 
oſitive idea of things that are ſquare and round, black and white; and, 
Wort, of other things, whoſe ſhapes and colours make them the objects 
our ſight. But when we ſay, for inſtance, that a ſpirit or an atom are 
able; thoſe words are attended with a negative conception, which is 
zeommonly but dark and confuſed, becauſe *tis indefinite, and removes, or 
Mays aſide thoſe marks, by which we clearly perceiveanddiſtinguiſh viſible 
Weſt ances: as, when we ſay, that ſuch a thing is impoſſible, we have ſome 
of conception of what we ſpeak; but *tis a very obſcure and in- 
ict one, at beſt ; exhibiting only a general and very confuſed repreſen- 
n of ſome ways, whereby one might think the thing likely to be effect. 
fit were at all performable; and accompanied with a perception of the 
Wi ciency of thoſe ways. There is yet another difference in the notions 
ve of things, which, the? not uſually obſerv'd, is too important to be 
omitted. Of ſome things we have a knowledge, that for want of a 
derm, may be call'd primary or direct; and of others, the knowledge 
Save, is acquired but by inferring it from ſome more known or clearer 
0 ; and ſo may be call'd inferr'd or illative knowledge. Thus, when a 
metrician defines to mean hyperbola, I quickly gain a clear and diſtinct 
of it: but when he proves to me, that this hyperbola may have ſuch a 
tion to a ſtrait line, which he calls an aſy mptote, that this line being con- 
ed, ſtill comes nearer and nearer to the prolong'd ſide of the hyper- 
a, and yet, how far ſoever both be drawn, will never come to touch it; 
ſubtile demonſtrations preſent me with an inferr'd or illative truth, at 
ich we arriv*d not, but by the help of a train of reaſonings; and on 
Ich if we exerciſe our imagination, we ſhall find this factitious truth, if 
may ſo call it, accompanied but with a very dim and confuſed idea. 
theſe diſtinctions we may add, laſtly, what belongs chiefly to the notions 
have of true or falſe propoſitions, that of our conceptions of things, ſome 
ſymmetrical, or every way conſiſtent; by which I mean, thoſe which 
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not diſproportionate to her faculties. 


ing is this, that the rational ſoul, being conſcious of her own actions, 
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have theſe two qualifications, the one, that all the parts are conſiſtent, 
mong themſelves; the other, that the entire idea is conſiſtent with all 
ther truths: and ſome are chimerical, or aſymmetrical ; by which [ 
derſtand thoſe that are either ſelt-deſtruCtive, by the contrariety of t 
parts themſelves, whereof they are made up, as if one ſhould talk of at 
angular ſquare, or a ſun-ſhiny night, or, being extravagant, lead to ſyy 
manifeſt abſurdity that may be juſtly inferr'd from them, or into iner 
cable difficulties, or elſe involve a real repugnancy to ſome acknowledy: 
truth, or rule of reaſon. 

Now the mind of man is ſo framed, that, when duly inſtructed, it q 
perceive a want of light in itſelf for ſome purpoſes, or of clearneſs u 
completeneſs in the beſt ideas it is able to frame of fome things; and, 
this account, can ſo far take notice of the extent and imperfection of 
own faculties, as to diſcern that ſome objects are diſproportionate toi 
As when we attentively conſider the dimenſions of ſpace, or thoſe of 4 
univerſe, we may, by trial, find, that we cannot conceive them fo gre; 
but that they may be yet greater, or may exceed the bounds, how rena 
ſoever, which our former conception preſumed to aſſign them. Thu 
when the eye looks upon the main ſea, we eaſily grow ſenſible, thathy 
much ſoever we can diſcover of it, yet our fight falls far ſhort of then} 
tent of that vaſt object. And *tis by the ſenſe which the mind has of 
own limits and imperfections, on certain occaſions, that we may eſtin: 
what things ought hot, and what ought to be look'd upon as things aby! 
reaſon ; for by that term I mean not ſuch things as our rational fc 
cannot at all reach to, or has no kind of perception of; for of ſuch thi 
we cannot, in particular, either think or ſpeak like men: but my nt 


feeling that ſhe knows ſeveral ſorts of things truly and clearly, and thr 
by juſtly concluding them to be within the compaſs of her faculties; wi 
ſhe contemplates ſome few things, which ſeem to be of another order, i 
is convinced, that however ſhe ſtrains her power, ſhe has no ſuch ident 
perceptions of them, as ſhe has, or may have, of thoſe objects whiciur 


Again, the nature of the mind is ſuch, that its faculty of drawing 
ſequences from known truths, is of greater extent than its power of i 
ming clear and diſtin& ideas of things; ſo that by ſuitable or ſucceſi 
inferences it may attain to a clear conviction that ſome things exiſt, ! 
whoſe nature and properties it can frame no clear and ſatisfactory con? 
tions. And that men ſhould be better able to infer propoſitions about 
veral things, than to penetrate into their nature, is the leſs ſtrange, * 
cauſe *ris oftentimes ſufficient for our uſes to know that ſuch things e 
tho* that knowledge be not accompany'd with a clear and diſtinct idea | 
becauſe the rules, as this, for example, whatever is produced, "| 3 
have a cauſe,” are often clear, and eaſy, that enable the mind to! 
concluſions about things whoſe nature is very abſtruſe. 


Il 
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„ To apply, then, theſe notions to the three forts of things that I have Pays1cs. 
„ MSrcſented, as being in fome ſenſe above reaſon. There are objects of fo .. 
n nenſe and peculiar a nature, that by an eaſy view of the mind, without 
„tile and laborious inquiry, the ſoul diſcerns, and, as it were, feels the 
ea to be diſproportionate to her powers; and, accordingly, if ſhe 
„ As, he quickly finds herſelf unable to frame conceptions thereof fit to 
tn, Wcquieſced in: and this fort of objects, 1 upon that account call incon- 
o! able, or ſupra- intellectual. 
But when by attentively conſidering the attributes and operations of a 
0 pg, we ſometimes find that it hath a property belonging to it, or per- 
a s ſomewhat, which, by reflecting on the Beings and ways of working 
3 we know already, we cannot diſcern to be reducible to them, or deri- 
fi e from them; we then conclude this property, or this operation, to 
0; Wncxplicable ; that is, ſuch as cannot ſo much as, in a general way, be 
N Wligibly accounted for: and this makes the ſecond ſort of our things 
„ ee reaſon. But this is not all; for the rational ſoul, that is always 
„ ich'd with primitive ideas and rules of true and falſe, when ſhe comes 
 WM*amine certain things, and make ſucceſſive inferences about them, ſhe 
„ chat ſhe cannot avoid admitting ſome conſequences as true and good, 
ec uh h ſhe is not able to reconcile to ſome other manifeſt truth, or acknow- 
x; d propoſition. And other truths are ſo harmonious, that there is no 
r i greement between any two of them. The heterogeneous truths I ſpeak 
bl WW ppear not ſymmetrical with the reſt of the body of truths, and we 
h ot how we can at once embrace theſe, and the reſt, without admitting 
rand abſurdity, which ſubverts the very foundation of our reaſonings, 
. contradictions may be true. Thus, in the controverſy about the end- 
\- viſtbility of ſtrait line, as *tis manifeſt that a line of three feet, for 
thes ce, is thrice as long as a line of one foot, ſo that the ſhorter line is 
1. third part of the longer; it ſhould follow, that a part of a line 
„ contain as many parts as the whole, ſince each of them is diviſible 
enn nfinite parts; which ſeems repugnant to common ſenſe , and, to con- 
ar t one of thoſe axioms in Euclid, whereon geometry itſelf is built. 
gn which account, I have ventur'd to call this third ſort of things above 
geo dn, aſymmetrical, or unſociable; of which eminent inſtances are af- 
* i ed us by thoſe controverſies, wherein, which ſide ſoever of the que- 
ceſin you take, you will be unable directly and truly to anſwer the obje- 
"oY ns that may be urg'd to ſhew that you contradi& ſome primitive or o- 
one? F acknowledg?d truth. 
ot | L heſe are ſome of the conſiderations by which I have been induced to 


e, E. inguiſh the things that to me ſeem to over-match our reaſon, into 


* e kinds, Of thoſe I ſtile inconceivable, our ideas are ſuch, that 
ea, oderate attention ſuffices to make the mind ſenſible ſhe wants ei- 
= 3 or extent enough to have a clear and full comprehenſion 
* them; thoſe things I have called inexplicable, are ſuch as we can- 


perceive to depend upon the ideas wherewith we are furniſh'd ; 
and 


Things above RE As ox, conſider d. 


Puvsics. and to refemble, in their manner of working, any of the agents, wa 
nature we are acquainted with; and, laſtly, thoſe things which I hay | 


named unſociable, are ſuch as have notions belonging to them; or hay 
concluſions deducible from them, that appear either diſagreeable to oy 
primitive ideas, or, when driven home, inconſiſtent with the manif 
rules we are furniſh'd with, to judge of true and falſe. 

But, by ſorting things above reaſon, into three kinds, I do not den 
that *tis poſſible one object may, in different regards, be referr*d tomy, 
than one of theſe ſorts; as may ſufficiently appear in that nobleſt of objeg, 
God; who, when he made the world out of nothing; or, when he diſcen 
the molt ſecret thoughts and intentions of the mind; or, when he unit 
an immaterial ſpirit to a human body, and maintains, perhaps, for y 
many years, that matchleſs union, with all the wonderful conditions heh, 
annex'd to it; he ſupplies us with inſtances of things that are inexplicah 
for ſuch operations are not reducible to any of the ways of working kor 
to us, fince our minds can but modify themfelves by various manners 
thinking. And, as for things without us, all that one body can doy 
another, by acting on it, is to communicate motion to it; and ther 
produce in it the natural conſequences of ſuch motion; in all which, ths: 
is no action like any of thoſe I juſt now aſcribed to God. And ſince t 
preſcience of thoſe future events, which we call contingent, being az 
fection, is not to be deny*d to God; and ſince this ſeems irreconcileabl:if 
the freedom of human actions, it will afford us an inſtance of truth 
whoſe conſiſtency, and whoſe ſymmetry with the body of other truths, «© 
reaſon cannot diſcern ; and which, therefore, ought to be referr'd tot 
ſort of things above reaſon, which | call unſociable. 

I come now to the third ſort of theſe things, that mention'd ut: 
the name of incomprehenſible, or ſupra-intellectual ; which title, vt 
ther it belongs to any other object, or no, certainly belongs to G1, 
whoſe nature comprehending all perfections, in their utmoſt poſſible & 
grees, is not likely to be comprehenſible by our minds, who wholly wi: 
ſeveral of thoſe perfections, and have but moderate ſhares of the reſt. . 
are, indeed, born with, or, at leaſt, have a power, and ſeveral occim 
to frame an idea of a Being infinitely perfect; and, by this idea, wei! 
ſufficiently diſcriminate the origin of it, God, from all other objects wii 
ſoever: but, when we come to conſider attentively, and minutely, whit? 
contain'd in the notion of omnipotence, omniſcience, eternity, and th 
other attributes that are all united in that great affluence of perfections, Gd 
we may be ſure to find, that our faculties are exceedingly ſurmounted 
the vaſtneſs and glory of that unlimited, and unparallel'd object; a 
which, as we can diſcover that it exiſts, and that it poſſeſſes all the pet 
tion we can conceive ; ſo we may, at the ſame time, diſcern, that it m 
have degrees of perfection, which, becauſe of the inferiority of our natit 


we are not able to comprehend. Yet this diſcovery of God's incomprebe 


ſibility, may be made, without ſubtile inquiries, and without trains of cv: 


ſequences, tho? not without attention, by a direct view of the mind; wi 


fa 


" 
. 
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r, without ever being able to determine any extent beyond whoſe limits 
ey cannot reach. 
Tis indeed, therefore, arrogance to. talk of infinite, or of privileg'd 
ings, with the ſame confidence, or to pretend to do it with the ſame 
learneſs wherewith knowing men may ſpeak of things, unqueſtionably 
ithin the compaſs of our underſtandings ; but this need not hinder us, 
or doth diſable us from ſpeaking rationally of privileg'd things them- 
Ives. For all allowable notions are not of the ſame ſort, or order; and 
none were to be admitted but thoſe that enable us to comprehend the ob- 
ct, that is, which give us a clear and diſt inct knowledge of all that it 


atains, or that belongs to it; I muſt confeſs we have no good notions of 


ivileg'd things in particular. I muſt add, that I fear we have few or 
ne, even of many things, that we think ourſelves very knowing in; 
d when we ſpeak of things as being above reaſon, tho' we have no clear, 


ctinct, and adequate idea of them; yet we may have a general, confu- 


d, and inadequate notion of them, which may ſuffice to make us diſtin- 
iſh their reſpective objects from all elſe, and from one another; as may 
> obſerv*'d in ſeveral ideas that are negatively framed; ſuch as thoſe we 


Noe of inviſible, incomprehenſible, and in others which I formerly calPd 
eerr'd, becauſe they accompany the remote inferences whereby one truth 
concluded from another: as when geometricians infer from ſome propo- 
ions in Euclid, that any ſtrait line may be divided farther and farther, 
chout ſtop. For of this and ſome other propoſitions about privileg'd 
Sings, we are not quite deſtitute of allowable notions, as may appear by 


re admirable ſpeculations of mathematicians about the affections of ſurd 


nbers, and incommenſurable magnitudes, of ſome of which we have 


« + 
+» 


1 ſuch clear and ſymmetrical conceptions as we have of many other things 
are of a nearer and more intelligible order. I ſhall not therefore ſcru- 
do acknowledge, that by my own experience, the confeſſions of o- 


, and by their unſucceſsful attempts, I am induced to think, that 
of dd, who is a moſt free agent, having been pleaſed to make intelligent 


ings, may perhaps have made them of different ranks, or orders, where- 
men may not be the principal; and that whether there be ſuch orders or 

d, he hath at leaſt made us men of a limited nature in general, and of 
bounded capacity, and accordingly hath furniſh'd man either with 
rain innate ideas, or models, and principles; or with a faculty, or 
dwer, and diſpoſition, eaſily to frame them, as it meets with occaſions 

d excite them. But becauſe God intended the mind of man of a limi- 
d capacity, his underſtanding is ſo conſtituted, that the in- bred, or eaſily 
quired ideas, and primitive axioms, wherewith it is furniſh'd, and by 
lation or analogy whereto it judges of all other notions and propoſi- 
ons, do not extend to all knowable objects whatſoever, but reach only 
ſuch as have a ſufficient affinity, or bear ſome proportion to thoſe 
mary ideas, and rules of truth, which are ſufficient, if duly improv'd, 
=) 0 L. II. Ee to 


nds itſelf, upon trial, as unable fully to meaſure the divine perfections, PBxvstes. 
tue dimenſions of ſpace, which we can conceive to be greater and great VNN 
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Pays1cs. to help us to attain, tho? not the perfect knowledge of truths of the hizk 
WYNL eſt order, yet the competent knowledge of as much truth as God thoygy 
fit to allow our minds, in their preſentſtateof union with our bodies, 
And, indeed, I ſee no reaſon to repine at the limits which the author 
nature aſſigns to human knowledge; for the number of - privileg*d thing 
is altogether inconſiderable, in compariſon of the multitude of others, 
which our knowledge may be improv'd to reach, and which it far m 
concerns us well to know, than it doth to reſolve puzzling queſtions abs 
things incomprehenſible ; there being, within the compaſs of thoſe truth 
enough to employ and reward our diligence, without raining and tir 
our reaſon about objects that tranſcend it. Vet even about theſe ſome, 
quiries may be allowed; for an object that is, on account of ſome of | 
properties, privileg'd, may have ſeveral others belonging to it, thaty 
not ſurpaſs our reaſon, and whoſe knowledge may therefore be attain'dh 
the due employment of it. Thus we uſefully ſtudy the nature of body 
which make up the object of natural philoſophy, tho? the true notion: 
body in general be a thing ſo difficult to frame, that the beſt of out n 
dern philoſophers can by no means agree about it. This I do not wont 
at, becauſe if we purſue the notion of body to the utmoſt, *twill lead: 
to the perplexing controverſy de compoſi tione continui; and there the und: 
ſtanding will be left in the dark. Thus ſurveyors, carpenters, architel: 
and many others, know ſeveral properties of the ſquare figure, that: 
of great uſe to them in their reſpective employments, tho? this, thats! 
ſide and diagonal are incommenſurable, be unknown to molt of then 
and if they were told of it, and ſhould profecute the fpeculation, tui 
involve them in exceeding great, and, probably, inſuperable dif: 
ries. | 
And even about privileg'd things, our inquiries, if diſcreetly managt 
may not only be allowable, but ſometimes profitable. For of ſuch it 
Jects a ſtudious ſearch may bring us to know more than we did, tho 
ſo much as we would, nor enough to be acquieſced in. This may pri 
- bly teach us to know both the objects better, and ourſelves the better, 
buy giving us ſuch a ſenſible diſcovery of the infufficiency of our u. a 
ſtandings to comprehend all ſorts of things, as may be very uſeful, "9 ai 
not pleaſing ; and may richly reward the pains that ended in ſo inſtru! 
a diſappointment. Thus in the nobleſt initance that can be given, the 
templation of God himſelf, tho? he has ſoorder'd all things, that tis (ca?! Þ 
Poſſible for us to be deſtitute of an idea of him; yet when we come, W 
a ſufficient application of mind, to pry. into the wonderful attribute 
this moſt ſingular and adorable Being, we are ſure to find ourſelves uns 
to comprehend ſo unbounded an object. This, however, ought nd 
diſcourage. us from ſo noble a ſtudy, ſince we are allowed the great ® } 
tentment and honour to make further and further diſcoveries of the 17} 
excellent of objects, by that very immenſity of his perfections that rem 
it impoſſible for us to reach to the bounds of his excellency, or rati” 
dliſcover that it has any bounds at all. | SEC! 
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SECT. II. 


to regulate and eſtimate 
pe reaſon. 


- o 


boy 
Is 


Fc admit any affirmative aſſertion, without ſuch proofs as are ſufficient 
their kind. 
WF or *tis not reaſonable to give aſſent to any thing, as a truth, without 
Wufficient ground for that aſſent: and tho? it may well be granted in the 
eeral that a thing which ſurpaſſes our reaſon may have belonging to it 
Ne property that is alſo above reaſon; yet we are not, in particular, to 
eve that this or that affection belongs to it, without particular and com- 
ent proof. For ſince about a privileg'd thing, as well as about any o- 
, propoſitions may be framed, and often are ſo, contrary to one ano- 
; do aſſent to both were certainly to believe one falſity, if not two. 
if we will aſſent but to one, we muſt either judge at adventures, or 
v ourſelves to examine the mediums of probation, employ*d on both 
BH; and thereupon judge why one of the propoſitions is to be aſſented 
and the other rejected. This manly freedom muſt be allow'd, with- 
ga which our underſtandings were liable to be impos'd on, in matters of 
higheſt concern; for there ſcarce ever did, or, I fear, ever will, want 
emen, who, either out of ignorance, and paſſive deluſion, ſelf- con- 
ce, or deſign, take upon them with great boldneſs to affirm what they 


2 * 


ee about privileg'd ſubjects: and when they are oppoſed in their extra- 
Wgncics, by reaſonings they cannot anſwer, they urge that theſe things 
above reaſon, are not to be judg'd of by it. But of ſuch men as 
== 1 uſually demand, whether their own aſſent to the things they would 

& us believe, be grounded upon ſome rational argument, or not. If 
ay 'tis not, they are fools to believe it themſelves; and I ſhould add 
e number, if, after this acknowledgment, I believ'd them. But if 
= ſay it is, I deſire them to produce their argument; for ſince*tis fra- 
by a human underſtanding, the force of it may alſo be comprehended, 
zudg'd of by a human underſtanding: and *tis to no purpoſe to ſay 
ſubject ſurpaſſes human reaſon; for if it do ſo indeed, it will ſurpaſs 
rs, as well as mine, and ſo leave us upon even terms. And let the 
g aſſented to be what it will, the aſſent itſelf ought to be founded upon 


ficient reaſon, and conſequently upon one that is intelligible to the hu- 
underſtanding that is wrought on 


by it. 
The poſitive proofs requir'd for an = "FEY about a privileg*d thing, 
ve ſay, be ſufficient in their kind; but we are not to expect rigid 
nonſtrations of ſuch aſſertions: for ſince tis manifeſt that there are 
y truths, ſuch as hiſtorical and political · ones, that, by the nature of 
things, are not capable of mathematical or metaphyſical demonſtra- 
| Ke2 - tions, 


+ 


— a * 
£2 
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Proceed, in the next place, to offer ſome rules and directions whereby Rus for judg- 


the reaſonings we meet with concerning things ing f bing, 
above reaſon. 


and, firſt, I would obſerve, that as to privileg'd ſubjects, we ſhould The rf rule. 
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Paysrcs, tions, yet, being really truths, have a juſt title to our aſſent ; it muſt}, 

G acknovledg'd, that a rational aſſent may be founded upon proofs th, 
reach not to rigid demonſtrations ; it being ſufficient that they are ſtrq, 
enough to make a wiſe man acquieſce in them. And therefore if any thin 
can be made out to be reveaPd by God, concerning his own nature, action 
or decrees, we ought to receive them; becauſe, of ſome of thoſe thing 
as his preſcience, mercy, Sc. we can have no better proofs; and of ; 
thers, as what he did before our world was made, and what he will; 
with us after we are dead, we can have no other conſiderable proofs at] 
There is no reaſon to think, that becauſe an object ſurpaſſes the hum 
underſtanding, it muſt therefore ſurpaſs the divine intellect itſelf, Er 
in the things that are tranſacted in the mind of man, I may learn fron; 
nother, who is not my ſuperior, what I can by no means attain to kny 
unleſs he be pleas'd to diſcover it to me. 

Intelligibility to the human underſtanding ſeems no more neceſſiry; 
the truth or exiſtence of a thing, than that viſibility to a human eye ſh! Mur 
be neceſſary to the exiſtence of an atom, or of a corpuſcle of air, «;: 
the effluvia of a load-ſtone, or the fragrant exhalations of amber-gre, 
or musk. The natural incapacity of a child to underſtand the abſt; 
properties of parabola's, hyperbola's, and the incommenſurable line. 
a ſquare, hinders not thoſe figures from exiſting, or their properties fn 
being true and demonſtrable. And tho' we do admit ſome privily! 
things, yet there is no neceſſity that we ſhould be debarr'd from all ky. 
ledge of thoſe ſublime objects in which there are many things where x IM 
muſt confeſs ourſelves ignorant. The ancient geometricians kneviy My © 
well what a rectangular triangle was, when they conceiv'd it to be aig il 
conſiſting of three ſtrait lines, two of which comprize a right angle; ti 
probably, for a great while, they did not know all its chief properts 
ſince, for ought appears, before Pythagoras, it was not known thatt: 
ſquare of the hypothenuſe is equal to the ſquares of both the other [i 
taken together; and much more likely it is that they were not able tot 
thoſe difficulties which attend the endleſs diviſibility of lines inferabl::mm Mapoſ 
that equality. 267 ui 

But every thing hard to be underſtood, or contrary to the comin 
rules of probability, has not a right to paſs ſor privileg*d ; * for then 
paradoxes about ſurd quantities, the duplicate proportion, and ſerves 
other ſurprizing doctrines, capable of mathematical demonſtrations, voll 


Let it be propoſed (ſays the inge- 
% nious Mr. Hauk5bee) to repreſent the 
figure of an object, placed behind an o- 


„ Pake body, upon the contrary ſide of that 
« opake body, and this without the help 


« of optic-glaſſes, or any foreign adventi- 
* tious lights: perhaps the ſolution might 
*« be thought impoſſible, or the very terms 
< of the problem abſurd and contradicto- 


be tranſmitted thro' this body, and nt 


4 ry, For the body, on which the! 
« oure is to be ſeen, muſt be opa 
* the hypotheſis, and the object put 
«on the' contrary fide to that? wh 
«*« *tis ſeen; ſo that either the light m 


«« "tis not opake, contrary to the iP 
« ſition; or elſe the light muſt not 
* tranſmitted, and then no figure © 
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2 rivileg'd. Nor are all thoſe worthy of this title, that are by many PR vsics. 
8 x oſed and embraced as philoſophical myſteries z ſuch as ſubſtantial x 
1 4 which are really only ſcholaſtic chimeras. But tho? I ſhall not pre- 


ee, poſitively, to ſet down the diſcriminating bounds, and ſigns of pri- 


« 
* 


gd things 3- yet moſt, if not all of them, 
| G ö . . . „ fi m 
d, as God himſelf, and the things whoſe nature flows immediately ro 

n; orelſe, things that, if thoroughly inſpected, neceſſarily involve the 
ſideration of ſome kind of Infinitum; or elſe, are ſuch, that tho? in 
e principal queſtions about them, one ſide muſt be taken, both ſides 


| 1 
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are either primary in their 


encumber'd with abſurdities, or ſcarce ſuperable difficulties. Theſe 


g the uſual marks that belong to privileg'd things, their number can- 
be very great; and therefore, we ſhall not, by allowing them, want 
as whereon to exerciſe our faculties. 


ah, We ſhould not be haſty. to frame negatives about privileg*d A ſecond rules 
gs; or to reject explications, or propoſitions of them, as if they were 


ird, or impoſſible, 


e obſerve, that even in-natural things, *tis very unſafe to affirm, or 


We opinions, before men have a competent hiſtorical information of 
whi t belongs to the ſubject they take upon them to judge of. And there- 


it muſt, in reaſon, be thought much more unwary to be forward to 


Nye upon negative propoſitions, about things which, ſince we our- 
elves acknowledge to be above the reach of human reaſon, *twill become 
at leaſt to forbear a rude, and inſulting way of rejecting the opinions 
earned men, who diſſent from us, about ſuch things; for the ſubli- 
of the ſubject may render miſtakes the more excuſable, becauſe dif-- 


c co be avoided ; and our own ſharing in the inability of penetra- 


1 * 


5 


ſeen; for all diſtributions of light, 


I & howeyer, is plain matter of 
ct; as he ſhews, by lining a globe of 
nin part, with melted ſealing- wax, 
mon ſulphur, or melted pitch, and gi- 
it a circular motion; for when his 
was then applied to the lined part, 
iſtinQtly, and perfectly ſaw the ſhape 
igure thereof, upon the concave ſur- 
of the wax, &fc. within. Hence that 
tleman thinks it may be uſeful to ob- 
„that _ odd effects, and ap- 


| ; optical artifices, are excluded. 4 
he thin 


earances, againſt the poſſibility where- 


— 


ſuch abſtruſe things, ſhould keep us from being over-confident, that 
lſo, may not be miſtaken; and incline us to tolerate other men's 
0 ons, about matters wherein ourſelves have only opinion, not 


. t. I muſt not be underſtood to ſpeak againſt all framing of negative 
1 ſitions, about privileg'd things; my deſign being to diſſuade from do- 
t haſtily: for, ſometimes, tis much more eaſ y and ſafe, to deny things, 


remptorily, what may, or * be 


** or apparent impoſſibility to us, is a real 
one to nature.” See Hauksb. Experi- 


ment. P · 167,171, Ep. 269. 


than 
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Pn vst cs. than to affirm them to belong to a ſubject that ſurpaſſes our reaſon, 
. the obſervation may be of uſe, eſpecially in two caſes; one, when then 


A third rule 
For judging 
things above 
reaſon. 


7 ivg prov'd by arguments competent in their kind, we ought no 
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gative, we aſſert, is grounded not upon axioms taken from the uſual cou 
of nature, or upon propoſitions dubious, or remote from the. firſt p 
ciples of knowledge; but upon either univerſal, or metaphyſical axiom 
or elſe upon truths manifeſtly flowing from ſome clear, tho? inadequy 
notion, we have of the nature of the things we treat. The.other caſei 
when we have a clear and ſufficient proof by revelation, or othe rwiſe, 
the poſitive attributes of the things we contemplate; for then we ny 
ſafely: deny of that ſubject, any other thing that is really inconſiſtent yi 
the poſitive attribute. Upon which account, tho? we do not fully c 
prehend what God is, yet knowing by the clear light of nature, that h. 
a Being intelligent, and infinitely perfect, we may ſafely deny, agiir 
Epicurus, Vorſtius, and Mr. Hobbs, that he is a corporeal ſubſtance; 
alſo that he is mortal, or corruptible, 

3dly, A matter of fact, or other propoſition about privileg'd thingy, 


deny it merely becauſe we cannot explain, or, perhaps, ſo much: 
conceive the Modus of it. | | 
I have obſerv'd a want of clearneſs in ſeveral diſcourſes, where ts 
term Modus has been employ*d. Sometimes we would deny by it, ſong, 
as a poſſihility that one thing can belong to, or be truly ſaid of anothz 
as when we ſay, we underſtand not how one creature can create another 
how there can be a line that is neither ſtrait nor crooked, or a finite v 
number that is neither even nor odd. But moſt commonly we mean, 
our not underſtanding the Modus of a thing, that we do not clearly and: 
ſtinctly conceive after what manner the property, or other attribute, 
ſubject belongs to it, or performs its operations. The firſt kind maj! 
call'd a poſſible Madus, and the other an actual Modus. Now in both: 
foregoing acceptations of the term, we may find inſtances fit for our 
ſent purpoſe. For we cannot imagine, how a ſhort line, or other in 
quantity, ſhould be endleſly diviſible; or, on the contrary, how ifHẽjẽʒ 
parts ſhould make but a finite total: and yet geometry conſtrains us ie 
mit that it is ſo. But tho? there be few inſtances of this kind, yet oft 
other ſort of our ignorance of the Modus of, things,” there may be foul 
more inſtances than we could wiſh. there were; for even in natural 
corporeal things, the eager diſputes of the beſt philoſophers, and the? 
genious confeſſion of the moſt judicious and moderate, ſufficiently mu- 
feſt, that as yet we know not the manner of operation, whereby ſev Þ 
bodies perſorm, what we well know they bring to paſs. And not tot 
into thoſe nice and tedious diſputes; about the cauſe of the coheſion of ® Þ 
parts of: matter in the ſmalleſt, moſt principal, and moſt primary bode} 
perhaps the way whereby the rational ſoul exercifes any power over d 


human body, and the way whereby the underſtanding and the wills 
upon one another, have not yet been intelligibly explainꝰd by any. g f 
like I may ſay of the phenomena of the memory; eſpecially in thoſe 1 4 
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9 aſs as part of a human brain, there ſhould be ſo many thouſand diQ⸗ 
n cells or impreſſions, as are requiſite to harbour the characters or ſig- 
f res of ſeveral languages, each of them conſiſting of many thouſand 
* ent words; beſides the images or models of ſo many. thouſand 
" ſchemes, buildings, and other ſenſible objects, and the ideas of ſo 
„ dmouſand notions and thoughts, and the diſt inct traces of multitudes: 
1 ther things: and how all theſe ſhall, in ſo ſmall a ſpace; have ſuch deep 
4 laſting impreſſions made for them, and be oftentimes lodg'd ſo exactly 
n e order herein they were at firſt committed to the memory, that 
8 | a ſudden command of the will, or a flight cafual hint, a whole ſett 
* ords, things, and circumſtances, will in a trice, as it were, ſtart up, 
ry rreſent themſelves, even in the very ſeries, order, and manner, where- 


| ey long before, were ranged. And J doubt not, that beſides thoſe 
"I W.ic things, about the Modus of which, the more candid philoſophers 
confeſs'd their ignorance, there would others have been taken notice 


. ff we did but as fully and impartially inquire into the nature of all 
% ings we think we know. And confidering the yet depending diſ- 


between philoſophers and mathematicians, about the nature o place 
1 otion, which are things obvious and familiar to us; one might, 
2 other inducements, be inclined to think, we ſhould find many dif- 


„ Gow ies in many other ſubjects, wherein we do not now take notice of 
"" aſs if we particularly ſtudied their nature; and that our acquieſcing in 
1 ve have learn'd about many things, proceeds not from our greater 
w edge of their nature, but from our having exerciſed leſs curioſity 
wy . ttention in conſidering it. And if in things corporeal, that are the 
< = lar objects of our ſenſes, we are often reduced to confeſs our igno- 
„ of the Modus of their exiſting, or operating; it will not be denied, 
ri a Being wholly unapproachable by our ſenſes, natural philoſophy 
"p< allow'd to aſcribe ſome things, whoſe Modus is not attainable by 
1 c(erſtanding: as the divine preſcience, which, as *twere impious to 
ae ſo, I fear, tis impoſſible to explain, as to. the Modus of it. 


1 pd, perhaps, upon the ſame grounds, tis as inconceivable, that God 
d ſee our thoughts, as how he can know our outward actions; for 
we have no way of diſcerning the particular motions of mens bodies, 
by ſomeof our ſenſes, eſpecially our ſight; and ſince thoſe ſenſations 
nſclves neceſſarily require organs duly conſtituted, that is, made up of 
ral parts, framed, and join'd together after a determinate manner; I 
not how we can explain the perception of viſible objects, without an 

or ſo much as any corporeal organ or ſubſtance ; eſpecially, ſince tis 


0 en y juſtly aſſerted, that the deity is not uni 

a he human ſoul is to the 2 einn 9 
1 | e do not, however, deny to God either the power of moving matter, or 
Va of perceiving all its motions ; for which there is ſome poſitive proof, 
1 petent in its kind. For if there be an effect, that we diſcern muſt 
90 10 ceed from ſuch a cauſe or agent, we may conclude, that ſuch a cauſe 


there 


nent for that faculty. Tis hard to conceive, how in ſo narrow a Pavsics. 
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Paysrcs, there is; tho' we do not particularly conceive how, or by what operatg il 
es able to produce the acknowledg'd effect. Thus, tho' a man, otheryi il 
of good judgment, being wholly a ftranger to mathematics, cannotcy 
ceive how a skilful aſtronomer ſhould, many years before-hand, for. 
eclipſes to a day and hour, and perhaps to a few minutes; yet when f 
ſucceſs, as it often happens, verifies ſuch predictions, he will be ſay 
that the maker of them had the skill to foreknow the things foretoll 
them. And ſo the generality of learned men among us, who are not ny; 
acquainted with that part of navigation, which ſome moderns call Tin 
euretica, or the art of ſteering to harbours, cannot well conceive hy 
ſhip that is, for inſtance, in the vaſt Allantic ocean, above a thouſandnj 
from any ſhore, ſhould be ſo directed, as to arrive juſt at a little harhy 
not cannon- ſnot over; which perhaps neither the pilot, nor any other: 


the ſhip, everſaw. And yet, as little as we diſtinctly conceive ho. 


an art of finding ports can be framed, we ſcruple not to allow there hf 
an one, becauſe navigators to the Eaſt and Yeſt-Indies could not, win 
it, find the remote ports they are bound for. 

I! here is a ſecond ſort of poſitive proofs, conſiſting of thoſe conſs il 
ces that are clearly and juſtly drawn from any manifeſt, acknowledgd W 
already demonſtrated truth. To this belong ſeveral mathematical pr 
ſitions and corollaries; which, tho? being nakedly propoſed, they ſen: 
credible to the generality of learned men, and ſometimes to mathematia 
themſelves, are yet fully aſſented to, becauſe they clearly follow ir 
either manifeſt or demonſtrated truths. Thus, many cannot cone! 
how *tis poſſible there may be millions of circles, whoſe circumfer 
ſhall each of them come nearer and nearer to another, and to a ftritls 


aſſign'd; and yet none of them touch, and much leſs cut either anys: 
circle, or that line, but in the ſame point: and yet this is one of the? nl 


propoſitions that geometricians have rightly deduced, as corollariaſ 
a propoſition of Euclid. And, tho? we cannot clearly conceive, hows 
lines, that, at their remoteſt ends, are but little diſtant from each 
ſhould perpetually incline to each other, without ever meeting; 19% 3 


metricians, that is, the moſt rigid reaſoners we know of, have beat: vi 


| pelPd to admit this in the conchoid of Nicomedes. N 
A fourth rule. 4thly, When we treat of privileg'd ſubjects, we are not bout 1 
Lo _— thing falſe, that ſeems to oppoſe ſome receiv*d dichm 
reaſon. | | 

For, it being evident, that a great part of the dictates of reaſon i? 

ative, and that negative propoſitions uſually ſpring from the repugnan!'? 

judge ſome things haveto a poſitive dictate of reaſon ; if thoſe politic 

Cates contain but gradual and limited truths, and come to be undulſ!, 

tended to privileg'd ſubjects, it may very poſſibly happen, that a 15 

really true, will appear falſe, if judg'd of by its agreement to one of E 

limited, and but reſpective dictates. Tis alſo clear, that, in ab 
philoſophy, the uſual ground on which we reject many things, is, coat 
Judge them unintelligible. And, I cenſure not the practice in gener! J 


——_ 
1 : 
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„ it may eaſily miſlead us, when extended to things that apparently PR ses. 
": ceend our reaſon, as, for ought yet appears, ſome of the modus's, even ] ] .. 
n things corporeal, are found to do. And, we ſometimes think we have 
„e compleat enumerations of the ſeveral ways of the exiſtence of an 
boote in a ſubject, or of the operation of one thing upon another, 

lit Wn, indeed, we have over-look*d one or other of them; and, perhaps, 

110 which we have thus omitted, may be the true one; tho', poſſibly, no 

* ation, and diligence of ours, could, in ſome caſes, have ſerv'd the 
che Modus inquired after, being not conceivable by us, tho' it may 

bow ya higher than a human intellect. 

In: MT bc ſchool-philoſophers, for many ages, in the catalogues they made: 

ror: ee means of a body's working upon another at a diſtance, did not 

nr: of the true ways by which odours and ſounds are communicated to 

Vt. and therefore had recourſe to certain unintelligible things, which they 

7s Fd intentional ſpecies. But the modernsacknowledge, that odours are 

vim i 


municated by effluvia exhaled from the odorous body, and fitted to 

2 our noſtrils; and that ſounds are tranſmitted to the ear, by the un- 

ke ting motion which the air is put into by the impulſe of the vibrating, 

ge WWtherwile agitated parts of the ſonorous body. 

ad ſuppoling the reaſonable ſoul to be an immaterial ſubſtance; tho?, 

think they have ſufficiently expreſs'd the ways of determining the 
motion of a body, by ſaying, that the determination mult be either in 

ine wherein the impellent made it move, or in the line wherein it 


Z f * 


eetermin'd to move by the ſituation of the reſiſting body; yet the 

nf: ons of the animal ſpirits, if not alſo ſome other internal parts of the 
tra. . may, the body being duly diſpoſed, be determin'd by the human 
8 which is a way quite different from the other. And how the power 


Wermining the motion of a body, without any power to impart motion 
t body, ſhould belong to an immaterial creature, which has no cor- 
parts to reſiſt the free paſſage of a body, and thereby change the 

Fits motion; is not yet, nor, perhaps, ever will be, in this life, clear- 
ceived by men: tho? there is no doubt, that he who endow'd the 
" 0 ith this attribute or power, perfectly underſtands both how it exiſts 
in ch. ſoul, and how the ſoul, by exerting it, operates on the body. 

bond m, however, in no wiſe againſt rejecting opinions that are found con- 
die do thoſe rules of reaſon, at the framing of which, the things in que- 
vere duly conſider'd: but in caſes not thought on, when ſuch rules 
deviſed, we are not always bound to ſubmit to be judg'd by them; 
to maintain an opinion conformable to ſuch a rule, may be not to 
dſe a genuine and abſolute dictate of reaſon, but to rectify one 


ſon de 
al 

1onan 14 

oy 


unduly s erroneouſly thought ſo; by ſhewing that the rule is expreſs'd in 
at a e general and indefinite terms than it ought to have been. And, doubt- 
ne of ot two opinions, that is the moſt rational, which is moſt agreeable to 
in dar rules of reaſon, which are framed upon the fulleſt information. Tis 
is, t *9 ſee, that in the rule I propoſe, very few of the caſes occurring in 
xenera WP ary diſcourſe, or even in that of philoſophers, will be at all con- 
Mor. II t cern'd, 
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Pavysrcs, cern'd. And in thoſe few caſes wherein J intend the rule ſhould take Pla 
l obviate inconveniencies by a double caution. The firſt, by ſuppoſny 
EE” that the opinion which claims an exemption from the common rules, 
not an arbitrary or precarious tenet, but: ſufficiently made out by prop, 
arguments; and the ſecond;. by declaring that *tis not to contradict rig, 
reaſon, but bad reaſoners, to give limitation to rules which have beenty 
haſtily framed and conceived: in too general terms, by men who eithy 
were not competently inform'd of the variety of particulars, when th 
took upon them to make analyſes and enumerations; or elfe preſumed 
infer, that a thing was not, becauſe they. did not underſtand the Moy 
its exiſtence or operation. And I have often thought that the cauſes oft 
great clamour that is made againſt ſome men, for not obſequiouſly ſubn; 
ting to what ſome others call the rules of reaſon; are, that men don 
fufficiently underſtand the nature of things, and of themſelves, but ent 
_ too narrow conceptions of the former, and too high an opinion of t 
atter. 

Nas en, what? Reaſon is often taken for a ſett of notions and propoſitions employ'dy 
acquieſced in by this or that ſort of reaſoners, who receive names fu 
this or that particular diſcipline, as aſtronomy, chymiſtry, optics; i 
whoſe receiv*d doctrines they are ſuppoſed to be intirely maintainers. }: 
it is alſo, with at leaſt as much propriety, uſed to fignify the ration! 
culty itſelf, furniſh'd with the light that accompanies it, when it is rig 
diſpos'd and inform'd. In the firſt of theſe two ſenſes it ſeems but eq 
table to allow, that ſome things ought not to be judg'd by all thelin: 
rules employ*d to judge other things by; for ſome of theſe rules werf. 
med upon a flight conſideration of common and familiar things, eithtty 
the vulgar, or by men who, for want of skill or application of mind, 
not- critically regard the diſtinct natures of things; and yet preſume! 
fettle rules which other mens inadvertence or lazineſs has made then! 

ceive for certain dictates of reaſon : whereas other natures ſhould haveit 
then conſider'd, as well as thoſe ; but not having been ſo, the rules | {pz 
of are not always proper and ſafe, when applied to theſe overloob u 
tures. Thus ſucceſſive Beings, as time and local motion, in ſome c 
require to be eſtimated by other meaſures than ſubſtances, whether mit 
rial or incorporeal. And fo, likewiſe, the more nice metaphy ficians * 
pecially among the moderns, have thought themſelves obliged to diſco 
of modus's, relations, privations, extrinſecal denominations, &c. u 
very different way from that which belongs to bodies and ſpirits; tho” 
unskilful are ſtill apt to confound all theſe ſubjects, by applying to i 
indiſcriminately the ſame rules, or, as they imagine, dictates of reaſon. ene 
The generality of philoſophers, after Ariſtotle, conceive place to be 
immoveable and immediately contiguous concave ſurface of the am 
body; ſo that *tis a kind of veſſel, which every way contains the but 
lodg'd in it, but with this difference, that a veſſel is a kind of mov 
Place; as when a bottle of wine is carried from the cellar to the 1 | 


: 
= 


01 
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ow ſuppoſing, with Ariſtotle, and the generality of philoſophers, the Fa WW; 
Maeenitude of the world, it may be truly ſaid, that all plants, animals, mi- 
„ rals, ſtars, and other bodies, are each of them in ſuch an Ariſtotelian 
l Wace; whence it has been uſually affirm'd that what is in no place, is not 
nt all; yet it appears not how the outermoſt heaven can be properly faid 


„be in a place; ſince theſe philoſophers, aſſerting the world to be finite, 
„ oſt grant there is no ambient body without it, to contain it. And if the 
termoſt heaven ſhould be impell'd, by the power of God, in a ſtrait 
e this way or that way, there would enſue a motion without change of 


„ace; for the outermoſt heaven was in none before, and does not, by its 
i: oegreſſion, come to be contained by a new ambient body: and in this 
m e, even according to thoſe modern favourers of Ariſtotle, who approve 
te W- Cartes's definition of local motion, the world may be faid to move, 
4 rhout changing place; for it does not paſs from the neighbourhood of 

ne bodies to that of others; ſince comprizing all bodies, and yet being 
x unded, there is no body for it to leave behind, nor any beyond, for it to 
W proach: and therefore tho? every particular body in the univerſe is natu- 


y capable of local motion, yet the univerſe itſelf is not; and tho? every 
| ticular body in the world has ſome determinate figure, yet the world it- 
A if it be, according to the Carte/rans, indefinite, has none. 


= diviſion, eſtabliſh'd by him, of all Beings into ſubſtance and accident; 
= accommodated their rules to one of them, or to both. But Gaſſendus 
6 his followers have introduced a third ſort of Beings, as not being 
er ſubliances or accidents. Of this kind of things, they make place 
Space to be; for they will not allow it to be a ſubſtance, becauſe it is 
eer body nor ſpirit, but only ſomewhat that has a capacity to receive 
mn peontain bodies, and would ſubſiſt, tho* God ſhould annihilate all the 


velit ances he has created. And for the fame reaſon it is not to be call'd 
ſho ident, ſince that neceſſarily requires a ſubſtance to reſide in; where- 
an caſe of the annihilation of the world itſelf, and conſequently all the 
es tances that compoſe it, their place or ſpace would ſtill remain, and be 


able of admitting a new world of the fame extent, if God ſhould be 


ins, aſed to create it: whence Gaſſendus wittily infers, that bodies are ra- 
i{cout accidental in reſpect of ſpace, than ſpace in reſpect of bodies. But 
c, nb who ſhall with an heedful and unprejudiced eye ſurvey the ſeveral 
tho oocheſes, or ſyſtems, maintain'd by the different ſets of philoſophers, 
to ti y find, that tho? the inſtances will not be all of them the ſame, yet there 


none of theſe ſyſtems, wherein there may not be obſerv'd ſomething 
{other whereto every one of the rules, which reach to che other ſub- 
5 treated of in that philoſophy, cannot ſafely be applied. And, indeed, 
mind of man being naturally far more defirous'to know much, than to 
ot pains requiſite to examine whether it does ſo or not, is very apt to 
that any ſmall number of things it has not diſtinctly conſider'd, 
be of the ſame nature and — with the reſt, that it judges of 
F f 2 . the 


k Ariſtotle, and the philoſophers ſince his time, have generally admitted 


219 
t place an immoveable veſſel, or a veſſel conſider'd as immoveable. Pavysrcs. 
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Pavs1cs. the ſame kind. For by thus eaſily attaining to the knowledge of thing 

tie mind gratifies, at once, both its vanity, and its lazineſs z looking i 
on theſe concluſions, as marks of the excellency of its rational faculy 
whilſt they rather proceed from a want of the due exerciſe of it. 

The interna! But, ſince there is no progreſs ad infinitum in the Criteria of truth; 2; 

light of the ſince our faculties are the beſt inſtruments that God has given us, toi 

1. cover, and to examine it by; I think, a clear light, or evidence of yz 
ception, ſhining in the underſtanding, affords us the greateſt aſſurance: 
can have, in a natural way, of the truth of the judgments we paſs uy 
things. And, it is not by induction, but by evidence, that we knowy 
thing but truth follows from truth. By which it appears, that the in 
light of the rational faculty, is more primary than the very rules of 1 
ſoning ; ſince, by that light, we judge even of this axiom, which is i. 
the grand principle of reaſoning by inference. And, as the underſta; 
ing is uſually look*d upon to be the eye of the mind, there is this analy 
between them, that there are ſome things which the eye may diſt 
mechanically, or by the help of inſtruments; as when it judges a lin 
be ſtrait, by the application of a ruler to it, or to be perpendicular 
the help of a plumb- line; or a circle to be perfect, by the help of aj: 
of compaſſes: but there are other things which the eye Spa 


Judges of immediately, by intuition, and without the help of organs 
inſtruments ; as when, by the bare evidence of the perception, it knut 
that this colour is red, and that blue; that ſnow is white, not black; u 
a coal, black, not white. For, thus there are ſome things, which thei: 
left uſually judges of ina kind of organical way; that is, by the hehe 
certain rules, or hypotheſes, ſuch as are a great part of the theorem, : 
concluſions in philoſophy, and divinity ; but there are others, whic 
knows without the help of theſe rules, more immediately, and, as it 
intuitively, by evidence, or perception; as that two contradictory = 
poſitions cannot both be true; that . from truth, nothing but truiz = 
juſtly be deduced,” Sc. *Tis alſo, upon this evidence of perceptior, ii! 
we receive, with an undoubted aſſent, many primitive ideas and nit; ; 
ſuch as thoſe of extended ſubſtance, or body; diviſibility, or localn': 
on, a ſtrait line, a circle, &c. = 
And, it ſeems to me, that the internal light, which the author af? 
ture has ſet up in the mind of man, qualifies him, if he makes a right 
of it, not only to apply the inſtruments of knowledge, but alſo to | 
and to examine them. For, by the help of this light, the underſtands 
is enabled to look about, and both to conſider a- part, and compare u, 
| ther, the natures of all kind of things; without being neceſſitated to emp 
in its ſpeculations, the rules, or dictates of any particular ſcience, ord | 
pline; being ſufficiently aſſiſted by its own light, and thoſe axioms and nau 
that are of a general nature, and perpetual truths ; and ſo, of a higher 
der than the dictates or rules of any particular, or ſubordinate {4 
or art. And, by theſe means, the underſtanding may perceive the inf 


tection and falſity of ſuch rules, or theorems, as thoſe men who _ 
þ $ | 4 5 | 
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4 mer, nor further than their own particular ſcience or art embrace for PR YSIes. 


lain and unqueſtionable. Thus, philoſophers obſerving that they 


d frame a clear notion of a thing, without conſidering whether it were 

ally in being or not, or even when they ſuppoſed that twas not actu- 
in being; as we can frame a clear conception of a roſe in winter, 
n there are none to be found growing; and have a notion of a myria- 

, tho' very likely there is no ſuch figure really exiſting in the world; 

have generally concluded, that the eſſence of things is different, and 
darable from their exiſtence : yet when we conſider that God is a Being 
initely perfect, and that actual exiſtence, being a perfection, ' mult be- 

g do him; we may, by the ſame light of reaſon that dictated eſſence 
exiſtence to be two ſeparable things in all other Beings, diſcern, that 
wuſt be inſeparable in God, and conſequently that the foremention'd 
>, tho* more general than almoſt any other, is not abſolutely univerſal, 
muſt be limited by the light of reaſon. And thus, alſo, philoſophers 
ſdering that not only all ſorts of bodies, but the immateria! ſouls of 
, are endow'd with qualities, which are accidents, have included it in 
very notion of a ſubſtance, to be the ſubject of accidents, ' But the 
Ic intellect, finding in itſelf a notion of an abſolutely perfect, and, there- 
, exiſtent Being; and conſidering that to be the ſubject of accidents, is 
a ching agreeable to the higheſt perfection poſſible, it concludes, that 
i God there are no accidents. And this concluſion has been embraced as 
rt, not only of chriſtian, but of natural theology, and maintain'd by 
ral philoſophers themſelves, upon metaphy ſical and other merely ra- 
al grounds. In ſhort, the native light of the mind may enable a man, 
vill make a free and induſtrious uſe of it, both to paſs a right judg- 
c of the extent of thoſe very dictates that are commonly taken for rul, 

eeaſon, and to frame others on purpoſe for privileg'd things. 


9 


x 
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by, Where, privileg'd things are concern'd, we are not bound to re- 4 fifth rule. 
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Fel jas falſe whatever we know not how to reconcile with: ſomething that is 
& think it will not be doubted that there are, or may be conceiv'd, 
it lines, whereof one is a hundred, or a thouſand times longer than 
ther; 'tis alſo generally granted, that a longer line conſiſts of, or may 

ord more parts, than a ſhorter : and, laſtly, tis generally acknowledge d, 
at no number can be greater than infinite. Now I ſhould gladly fee 
eſe pr opoſitions reconciled to the demonſtrations of geometricians; about 
e endleſs diviſibility of all ſtrait lines; whence-they deduce, that tho? 
ley be very unequal among themſelves, yet the ſhorteſt of them contains, 
may afford, infinite parts. I am far from affirming that one truth can 
ally contradict another; yet I think that which is but gradual, or li- 
ited truth, may, in ſome few caſes, be irreconcileable by us to an ab- 
lute and univerſal truth. We may diſtinguiſh thoſe propoſitions we call 
ue, into axioms metaphyſical, or univerſal, that hold in all caſes, with- 
ut reſerve 3, and axioms collected, or emergent z by which I mean ſuch 
as 
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Pavsrcs. as reſult from comparing together many particulars that agree in fomethiy 
common to them all. And ſome of theſe, tho' they beiſo general, thy 
in the uſual ſubjects of our reaſoning, they admit of no exceptions, 
may not be abſolutely, and without limitation, true. Of this we hae: 
inſtance even in that axiom which almoſt all natural philoſophers have 
ſed, and built on, that ſomething cannot be made out of nothin, 
which tho” at leaft one of the higheſt or gradual truths, may yet not he; 
niverſally true, fince for ought we know, God, who is acknowledg'y, 
Being infinitely perfect, may poſſeſs, and have exercis'd the power of a 
ating. And, in ſuch caſes as this, not to be able to reconcile a truth q 
eerning a privileg'd thing, with a propoſition that generally paſſes fort, MM. 
will not preſently oblige us to reject either propoſition, as falſe ; & 
ſometimes, without deſtroying either, only to give one of them a dui, 
mitation, and reſtrain it to thoſe ſorts of things on which *twas at f: 
grounded, and to which *twas, becauſe of man's ignorance, or inconſi 
rateneſs, not at firſt confined. And if the miracles vouch'd for any 
gion, be any of them granted true, it cannot well be denied that ph 
propofitions are but limited, and ſuch as I call collected truths; bez 
gather'd from the ſettled phenomena of nature, and liable to this lint 
tion or exception, that they hold, only where the irreſiſtible power of 6, 
or ſome other ſupernatural agent, is not inter pos'd, to alter the 81 
nature. a | 
Now the reaſon why we judge things are repugnant, being, thitt 
notions or ideas we have of them ſeem to us inconſiſtent; if either 
theſe motions be wrong framed, or be judg*d of by an unfit rule r 
may think thoſe propoſitions to be contradictory that really are not. In 
thoſe uſed to employ their imaginations about things, which are the pr 
object of the intellect, are apt to pronounce others to be inconceiil: 
only becauſe they find them ummaginable ; as if the fancy, and the in 
ect, were faculties of the ſame extent. Upon which account, ſome ii 
ſo grolly erred, as to deny all immaterial ſubſtances, and choſe rathz" 
far to degrade the Deity itſelf, as to impute to it a corporeal nature, u a 
to -allow any thing to have a being, that is not comprehenſible by it nl 
imagination; which themſelves acknowledge to be but a corporeal fi 
But beſides this miſtake of chings repugnant, which ariſes from the mit rece 
Plicatien or miſmanagement of our diſcerning faculties, there may beat 
ther that proceeds from the imperfection ard Heizeation of our underftar: n wi 
ing ; which being unable to judge of privileg'd things, as it'does'of * i 
objects, may ſometimes be unable to diſcover the reconcileableneſs vi 
a more illuminated and penetrating faculty may difcern. This n, 
de illaſtrated by what uſually happens at fea, where there is 2. 
Proſpect; when, looking towards the main, the sky and the waters es u 
to meet at the edge of the ſenſible horizon; tho?, indeed, they at“ 
far diſtant, as the heavens from the earth. On the other hand, if you Sk Gran 
fully mix together the dry and Fine powder of orpiment, and that, 
indigo, you will produce a green colour, as is known to painters; wer | 


- 
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Pe, the former colour diſappears, and you will plainly ſee, inſtead of it, 
ie and yellow grains of the powder, diſtinct from one another. Theſe 
inces may ſerve to ſhew the weakneſs of our viſive faculty, and the lat- 
of them teaches, that a thing may appear one and different, as tis look*d 
n by a more or leſs diſcerning eye. But an inſtance more to our pre- 
=: purpoſe is afforded by yellow diamonds, which, becauſe of their co- 
r, the generality of goldſmiths take to be oounterfeit gems; tho? very 
ful lapidaries will, by ſure ſigns, diſcover and acknowledge them to be 
WM diamonds. Whence we learn, that a more skilful. judge may diſcern 
cg reement in things that almoſt all other men think-they ſee manifeſtly 
Wc of different natures. | ils l 0 
have alſo ſeveral times obſerved, that men judge two things to be ir- 
acileable, not only when they are both of them repreſented to the un- 
ttanding in the form of propoſitions, but when one of them is only a 


i on, or a current definition. For ſeveral of theſe notions contain in 


= 


> a propoſition, or are equivalent to it: as, when a circle is defined to 
figure contain'd by a line, all whoſe parts are equally diſtant from a 
t in the middle; this definition contains an affirmation of the eſſential 


rk} I eerty of a circle, which by the generality of geometricians-is therefore 


finguiſh'd from that conic ſection they call.an ellipſis, tho* that be alſo 
ure terminated by one curve line. 
Mit if a man has not genuine and adequate notions of the things he judges 
be may confidently, and even upon very probable grounds; take things 
inconſiſtent, that in reality are not ſo. If an ordinary mathemati- 
8 ſhould hear one man ſay that ſuch a figure is an ellipſis, and another 
it to be a circle, he would think their aſſertions to be inconſiſtent, 


di 


f 7 
bp .: 
4 * , 
4 x8 


ee his mind prepoſſeſſed with an ellipfis being a conic ſection, whoſe. 
ger ties muſt therefore, he ſuppoſes, be very different from thoſe of a 
whereas ſuch wary geometricians as the learned Dr. Wallis, will tell 
1 as char the vulgar notions of conic ſections are not adequate to the fi- 
producible by them. Tis true, when a right cone is cut quite thro- 
in inclining plane, the figure produced by the ſection agrees well with 
receiv'd notion of an ellipſis, in which the diameters are of an unequal 
th; yet if the plane cut the cone parallel to the baſis, that conic ſe- 
n will be a true circle, having all its diameters equal. 
Tis indeed an uncommon and unheeded account, but ſuch an one 
n which I have obſerv'd not only logicians, but philoſophers them- 
es, to err about judging things reconcileable, or inconſiſtent; that if 
an be not ſufficiently acquainted with the nature of either of the two 
gs under conſideration, he _— think there is a contradiction between 
» when there is none to a ſuperior underſtanding. For taking it 
granted that he knows one thing for a truth, if ſome other thing be 
rm'd to be ſo, which he has not skill enough to ſee how to reconcile to 
the 


% the eye takes/noticebut'of an uniform mixture; in which ĩt diſtinguiſſies Pn vst ost 
tber blue nor yellow; but if you look on this mixture throꝰ a microſ. LUWAYY 
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Ph vsf es., the other; no wonder, how well ſoever this may be evinced, that he ſhow} 
sas little know how to admit, as how to reject it. Thus, a novice in arig 


metic, for example, finding that, according to his rules, there is not 


mean proportional number between 4, and 32, will ſcarce be able tog; 


concile that propoſition to this other, that there are two mean prop 
tionals between the ſame numbers; for he may, with a great appearanc; 


reaſon, ask how, if there be not ſo much as one mean proportional, the 


can be two? whereas, thoſe who are acquainted with the nature of raj 
or ſeries of numbers, proceeding in geometrical proportion, will eaſily 
cern, that between thoſe two, both the number 8, and the number 
are proportionals. Thus, if an old ſchool-philoſopher, or a mathemy, 
.cian, not acquainted with the later diſcoveries made by teleſcopes, ſhy 
hear one man ſay, that the moon is the moſt enlighten'd when ſhe appz, 
full to us; and another affirm, that ſhe is more enlighten'd at the g; 


moon than at the full: he would readily conclude, upon the ſuppoſii; 


that the moon receives all her light immediately from the ſun, that: 
latter affirmation cannot be true; which, yet, he would not conclude, i 
knew that the moon is as well enlighten'd by the earth, as the earth by; 
moon: upon which account, as at the full ſhe receives but thoſe ty; 
that come to her directly from the ſun ; at the change, ſhe receives bi 
them in that part of her body turn'd to him, and thoſe other beams of; 
which are reflected from the terreſtrial globe to that part of the moon 
is neareſt to us. And thus, alſo, before the time of Pythagoras, nota 
the vulgar-of the-Greeks, but their philoſophers, and mathematicians, 
often obſerving, that a bright ſtar preceded the riſing ſun 3 and that, fr. 
quently, likewiſe on other days, after ſun- ſet, another ſtar appear'd, vi 
was none of the fixed ones; they, confidently, concluded, from the diſt 
times of apparition, that the ſun was attended by two different ſtars; 1 
which, accordingly. they gave two different names: but Pythagoras, (ﬆ: 
was a far better aſtronomer, as appears among other things, by his mit 
taining, in thoſe early times, the motion of the earth about the ſun) u 
dertook to diſabuſe them, and effected it. Now, if one who had obſer! 


Venus, only in the morning, ſhould have affirm'gd, that, beſides the 1 | 


known planets, there was a ſeventh, Phoſphorus, which preceded the ril 
ſun; and another, who had taken notice of her only in the evenins 
ſhould aſſert, that, beſides the ſame ſix known ones, the only ſeventh . 
Haſperus, which, ſometimes, appear'd after his ſetting ; a by-ſtander vol 
preſently have concluded, that their aſſertions were not reconcileable, & 
ther to one another, or to the truth; which, in his judgment, was, (0 
there muſt be no leſs than eight viſible planets. Yet Pythagoras,, who h. 


more skill, diſcern'd, and taught, that theſe two phenomena were p 


duced by one and the ſame planet, Venus, determin'd, by its peculiar m 
tion about the ſun, to ſhew itſelf near our horizon, ſometimes before 
aſcends it, and ſometimes after he had left it. Such inflances as tht 


tho? offer*d but as illuſtrations, may diſſuade us from being too forvi 


to reject every propoſition that we ſee not how: to reconcile to 1 
ta 


oe. 
will with the infallible knowledge that God has of thoſe actions that 


4 
AY bot 
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Lieſce in, if we could reconcile it to the ſuppoſed truth. 
on the whole it appears, that when two propoſitions are laid down, 
whereof is made evident to us by experience, or by reaſon, acting with- 


3 1 ts own juriſdiction or compaſs, and the other ſufficiently prov'd, by 


cs mathematically demonſtrated, or duly atteſted by divine revelation; 
Wought not to reject either of theſe propoſitions as no truth, merely be- 
e we do not yet know how to reconcile them; but we ſhould rather 


s that the collected propoſition is only a gradual or limited truth; or 


conſider, that we knowing but ſo imperfectly as we do, the particular 
res of privileged ſubjects, there may poſſibly be a ſuperior intellect, 
to diſcern an agreement between what is deliver*d about that ſubject, 


"$M the affirmation which ſeems repugnant to it; tho? we are not quick- | 


ted enough to perceive this agreement. 

or will this doctrine, if duly limited to the ſubjects wherein alone I 
Wd have it admitted, expoſe us to have falſities impoſed on us at the 
ſure of bold and dictating men. For if neither of the things be privi- 
ga, but both in the juriſdiction of ordinary reaſon ; I require, that the 


Vooſitions framed about them be eſtimated according to the common di- 
7 =o 
4 Privileged thing, I do not at all think fit that it ſhould be receiv'd, in 
ſpite of its being repugnant to the gradual truth deliver'd in the other; 


of reaſon. Andeven in caſes where one of the propoſitions is about 


s it can, by ſome other argument, ſufficient in its kind, be prov'd to 
Thus, tho* men know not how to reconcile the liberty of their 


from it; yet they have unanimouſly judg'd it reaſonable to believe 
d free-will, and preſcience; the former, becauſe they felt it in them- 
Ws ; and the latter, becauſe the fore-knowledge of things, being ma- 
ly a perfection, ought not to be deny'd to God, whom they look'd 
© as a Being ſupremely perfect; and becauſe ſome actions and events 

| ey all judg'd to flow from mens free will, were, as the generality 
rd, foretold by prophetic oracles. But ſince we have ſcarce any 
way of diſcovering a falſity, but by its being repugnant to ſomewhat that 
e; to deny, that, in caſes within the juriſdiction of ordinary reaſon, 
repugnancy of a propoſition to any manifeſt truth ought to ſway our 


> ments, were to deprive us of the moſt uſeful criterion to diſt , 
ween truth and fallhood. a nr 9 inguiſh 


« 


altly, in privileged things we ought not always to condemn that opi- The fixth 
which is liable to ill conſequences, and encumber'd with great —— lat —4 


; three things, which I deſire may be afterwards conſider'd all toge- 


rſt, clear poſitive proofs, 
uine, and 
OL, II, 


ofs, proportionate to the nature of things, are 
proper motives to induce the underſtanding to afſeny to a 


Pro- 


Gg 


for a truth 3 provided the diſtruſted propoſition be ſuch as we would P sies. 
EAN 


ences, provided the poſitive proofs of it be ſufficient in their kind. J#48ing of 
That this, rule may be the more eaſily admitted, I ſhall ſeparately ſug- — — 
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nothing as abſurd, but what is undeniably repugnant to ſome trüb f 
had already demonftrated, or to thoſe clear and undiſputed definiu 


ttoſe he wquld convince. But the' he thus argues, to prove that 
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propoſition as true; ſo that *tis not always neceſſary to the evidence a 
firmneſs of an aſſent, that the underſtanding takes notice of the cory. 
quences that may be drawn from it, or the difficulties wherewith it may}, 
encumber*d. This is plain in thoſe aſſents, which, of all others, men 
natural at leaſt, are, by knowing men, thought to be the moſt undouhts 
and the beſt grounded; I mean the aſſents that are given to the truth 
geometrical demonſtrations : yet Euclid, for inſtance, in all his elemen; 
of geometry, in ſome of which ſurprizing paradoxes are deliver'd, cn 
tents himſelf to demonſtrate his aſſertions in a mathematical way, and do 
not anſwer, or take notice of any one objection. And the geometriciy 
of our days think they may ſafely receive his propoſitions upon the ſtreny; 
of demonſtrations annexed to them, without knowing, or troubling ther, 
ſelves with the ſubtilties employ*d by the ſceptic Sextus Empiricus, or othy 
of that ſect, in their writings againſt the mathematicians, and all aſſery 
of aſſured knowledge. | 4 
The fecond thing I would offer is, that we have ſhewn there are r- 
things which our imperfect underſtandings either cannot or at leaſt don 
perfectly comprehend z and that nevertheleſs men have not refrain'd fm: 
preſuming to dogmatize, and frame notions and rules about ſuch thing 
as if they underſtood them very well. Whence it muſt needs come to pi 
that if they were miſtaken, as in things ſo abſtruſe tis very likely they. 
ten were; thoſe who judge by the rules they laid down, muſt conceivet! 
propoſitions oppoſite to their miſtakes to be liable to very great, if nt 
fuperable difficulties and objections. | 
Thirdly, as we need not wonder that privileg'd things, which areu 
ally ſo ſublime as to have been out of the view of thoſe who frame! 
rules whereby we judge of other things, ſhould be thought liable to ga 
objections by them who judge of all things only by thoſe rules; fon 
ſhould not require or expect more evidence of a truth relating to ſi 
things, than that there are for it ſuch ſufficient poſitive reaſons, as notuſ 
ſtanding objections and inconveniencies, make it, upon the whole, vo 
to be embraced. 2 | | | Ag 
- Euclid, indeed, beſides that more ſatisfactory way of direct probii, « 8 
which perhaps he might have oftener employ'd than he did, has ſometns 
where he thought it needful, had recourſe: to a way of arguing tout i 
ſurdity. But ig theſe cafes he never goes out of the diſcipline he s 
of; and confining himſelf to arguments drawn from quantity, he u? 


axioms, or poſtulata, which he ſuppoſes to have been already grante!! 4 


readers cannot contradict him without contradifting themſelves; j*"* Þ 
find not that he was at all ſolicitous to clear thoſe difficulties, that am 
o quick-ſighted could not but know fome of his theorems were ati! 
withy but he is contented to demonſtrate the incommenſurability o 1 
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"Wc and diagonal of a ſquare, without troubling himſelf to take notice of Pxys1cs. - 


( non tr of . 
RE ſeeming abſurdities that attend the endleſs diviſibility of a line, which 
88.1 follow from what he demonſtrated. „ 3 
h is true, about ſome privileg'd things there are, and about ſome others 
\_ re may be, contradictory opinions maintain'd. Now as both of. theſe 
not be true, one of them mult be ſo; as tho? it be hotly diſputed whe- 
5 r quantity be endleſly diviſible, yet certainly it either muſt, or muſt not 
„ diviſible without end; and, as was formerly obſerv'd, which fide ſoever 
„ take, the inconveniencies will be exceeding great, and perhaps there 
ay Wl lic objections againſt it ſcarce to be directly anſwer'd. And ſince one 
„che two oppoſite opinions muſt be true, it will not always be neceſſary 
t an opinion muſt be falſe, which is encumber'd with great difficulties, 
in liable to puzzling objections. And therefore if the poſitive proofs on 
10k de be clear and cogent, tho? there be perplexing difficulties objected 
the other, the truth ought not, for their ſake, to be rejected; becauſe 
m ah difficulties proceeding uſually either from notions that men preſume 
n nme about things above their reach, or from rules that were not made 
fr (uch points as are in diſpute; the objections are not to be judg'd ſo well 


ng 8 ded, as is that acknowledg'd principle in reaſoning, ** from truth no- 
B I ing but truth can be juſtly inferr*d.”? “ 

I confeſs I have always thought it reaſonable in ſuch caſes to compare as 
et well the poſitive proofs of one opinion with thoſe-of the other, as the ob- 


ot: Mections that are urg'd on either ſide; and thence make my eſtimate, upon 
me whole, tho' with a peculiar regard to that opinion which has a great 
ei nntage in point of politive arguments; becauſe thoſe are, unqueſtion- 
edit : che proper inducements to afſent. And then the objections may well 
en eh be ſuſpected to proceed from the abſtruſe nature of privileged 
{or gs, and the great narrowneſs of the rules whereby men uſually judge 
oſo ings. For we may have a ſufficiently clear proof that a thing is, 
yi wt we have no ſatisfactory conception of its manner of exiſting, or o- 


vorn king; our inferr'd knowledge being clearer, and extending farther, 
than our intuitive, or apprehenſive knowledge. 

ut even about things that we cannot ſufficiently underſtand, we may 

me caſes exerciſe our reaſon, in anſwering objections that are thought 

jab WW werable, becauſe not directly ſo. For we may ſometimes ſhew, by 


e tet ning in another caſe a like argument, which the adverſary muſt confeſs 
e ug not conclude well; that neither does the argument, containing his ob- 
ruth b ion, conclude right. 

initio owever, we mult not expect to be able, as to privileged things, and the 
ntedV 


politions that mY framed about them, to reſolve all difficul- 
þ and anſwer all objections; ſince we can gever directly anſwer thoſe 
ich require for their ſolution a perfect comprehenſion of what is in- 
te. As a man cannot well anſwer the objections that may be made 
inſt the Antipodes, the doctrine of eclipſes, that of the different phaſes 
the moon, and of the long days and nights of ſome months near the 


g 2 poles, 
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Paysrcs. poles, the theory of the planets, Sc. unleſs he underſtand the natury 
SVN the ſphere, and ſome other principles of coſmography and aſtronom 
So that where privileged things are concern'd, clear and poſitive ary, 

ments ought to be of great weight, in favour of the opinion they concly 

for; even when, on the contrary fide, we may diſcourſe ourſelves into fy; 


difficulties as perplex, and, perchance, puzzle our limited underſtanding 
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* 


HE queſtion, I here deſign to conſider, is, Whether to believe Preliminary 
the reſurrection of the dead, which the chriſtian religion teaches, 9ervations. 
be to believe an impoſſibility ?. 

«5a I do not pretend, that the reſurrection is a thing knowable, 
frrectly provable, by the mere light of nature; nor that it may poſſibly 
fected by mere phyſical agents: ſo that, treating of the poſſibility of 
eeneral reſurrection, I here take it for granted, that God has been 
. to promiſe and declare, that there ſhall be one; and that it ſhall 


effected, not according to the ordinary courſe of nature, but. by his 


1; \ 


: 


* 


religion, is not here meant, in ſuch a latitude, as to comprize all that any 
particular church, or ſect of chriſtians, much leſs what any private wri- 
bath taught about it ; but only what is plainly deliver'd as to this point, 
pe ſcripture. 
muſt further premiſe, that tis no eaſy matter to determine what is 72,959 ; the 
lutely neceſſary, and but ſufficient to make a portion of matter, con- difficulties of 
r'd at different times, or places, fit to be reputed the ſame body. That conceiving it. 
generality of men, in vulgar diſcourſe, allow themſelves a great lati- 
le, in this caſe, will be eafily granted, by him who obſerves the re- 
e forms of ſpeaking. Thus Rome is ſaid to be the ſame city, tho? it 
h been often taken, and ruin'd by the Barbarians, and others. Thus, 
univerſity is ſaid to be the ſame, tho' ſome colleges fall to ruin, and 
v ones are built; and, tho? once in an age, all the perſons who compos'd 
are ſucceeded by others. Thus, the Thames is ſaid to be the ſame ri- 
that it was in the time of our fore-fathers ; tho? indeed, the _ 
| that 


_—_— power, 
muſt alſo be obſerved, that the reſurrection taught by the chriſtian 
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Pavysrcs. that now runs under London. bridge, is not the ſame that ran there an h? 
ago, and i3 quite other than that which will run there an hour hence. Ang 2 
ſo the fl. me of a candle, is faid to be the ſame, for many hours togety, 
tho? it, indeed, be every minute a new body; and tho? the kindled py; r 
cles that compoſe it, at any time aſſign'd, are continually putting off 1, er 
form of flame, and are repair'd by a ſueceſſion of the like. = 
Nor is it by the vulgar only, that the notion of identity has been hy ic. 
to be obtain'd ; for, it ſeems, that even the ancient philoſophers have, Men. 
puzzled about it; witneſs. their diſputes, whether the ſhip of The/eu; vv tri: 


the ſame, after it had been ſo far repair'd, from time to time, to preſery; ro, 
as a monument, that ſcarce any plank remain'd of the former timber, 11 N -ed 
even, in metaphyſics, I think it no eaſy task, to eſtabliſh a true and 4, Went 


quate notion of identity; and clearly to determine, what is the true pri rr 
of individuation. And, this is not ſurprizing ; for, almoſt every my io 
who thinks, conceives in his mind, this, or that quality, relation oraggrey ai 
of qualities, to be that which is eſſential to a certain body, and prop; il 
give it a peculiar denomination z whereby it comes to paſs, that, as onen Midi 
chiefly reſpects this thing, and another that, in a body that bears fu, 
name; ſo one may eaſily look upon a body as the ſame, becauſe it ret 
what he chiefly conſider'd in it; whilſt another thinks it to be chang! 
becauſe it has loſt that which he thought was the denominating quality 
attribute. Thus philoſophers, and phy ſicians diſagree about water, :: 
ice; ſome taking the latter to be but the former diſguiz'd ; becauſe tt 
are both of them cold, and ſimple bodies; and the latter eaſily reduc: 
to the former, by being freed from the exceſſive adventitious deg » ere 
coldneſs ; whilſt others, looking upon fluidity, as effential to water, tin 
ice, upon account of its ſolidity, to be a diſtinct ſpecies of body. 1 
. ſo the Peripatetics, and chymiſts often diſagree about the aſhes and T“ 

of burnt bodies; the firſt referring them to earth, becauſe of their pen 
nency, and fixedneſs; and many chymiſts taking them to be bod) 
generis, becauſe common aſhes uſually contain a cauſtic ſalt ; whereas! & 
ought to be inſipid. And, the like may be ſaid of ſome wood-aſhes,” ne h: 
lime-ſtone, and even coral; which when well calcin'd, and freſh, hi: 
pungent taſt: beſides, ſome of them, that are inſipid, may be eaſily! 
duced into metals, as the Calces of lead and copper. = 

T heſe difficulties, about the notion of identity, being obſerv'd, ® 
render it leſs ſtrange, that, among the ancient Hebrews and Greeks, ur 
languages were ſo remote, in ſeveral reſpects from ours, the familiar d 
preſſions, employ*d about the ſameneſs of a body, ſhould not be 10) re of 
ciſe, as thoſe who maintain the reſurrection, in the moſt rigid ſenſe, wi 
have them. 

In thenext place, I obferve, we may, agreeably with ſcripture, '} 4 
Poſe, that a comparatively ſmall quantity of the matter of a be 
being increas'd, either by aſſimilation, or other convenient appoſitiot 
parts, may bear the name of the former body; as a large crop of cu 
arifing from a comparatively ſmall quantity of ſeed ſown. ug ? 
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me, that having ſown in a garden ſome aſhes of a plant like our En- 
red poppy, they, ſooner than was expected, produced certain plants, 
Wer and fairer than any of that kind which had been ſeen in thoſe parts. 


cis ſeems to argue, that in the ſaline and earthy, that is, the fix' d 


icles of a vegetable, that has been diſſipated, and deſtroyed by the 
-nce of the fire, there might remain a plaſtic power, enabling them to 
trive diſpos'd matter ſo, as to re-produce ſuch a body as was formerly 


oed. Bur to this plaſtic power, reſiding in any portion of the de- 


d body itſelf, it will not perhaps be neceſſary to have recourſe in our 
Went undertaking, ſince an external and omnipotent agent can without it 


cs rm all that I need contend for. 


o come then to a more cloſe conſideration of thoſe difficulties which T3: f#r/ obje- 


dd co demonſtrate the impoſſibility of the reſurrection. I # 
is ſaid, when a man is once really dead, many parts of his body will, iow, 
ncding to the courſe of nature, reſolve themſelves into multitudes o 
, that wander in the air; and the remaining parts, which are either 
, or ſoft, undergo ſo great a corruption and change, that tis not 
Wble ſo many ſcatter'd corpuſcles ſhould be again brought together, 
re- united, after the ſame manner wherein they exiſted in a human 
body, whilſt it was yet alive. And, they ſay, much-more impoſſible is it 
ect this re- union, if the body have been, as it often happens, devour'd 
a beaſts, or fiſh ; ſince, in this caſe, tho” the ſeatter d corpuſcles of 


cccaſs might be recover'd, as particles of matter; yet, having already 


Ms into the ſubſtance of other animals, they are quite tranſmuted by 
ew form of the beaſt or fiſh that. devour'd them, and of which they 
Vake a ſubſtantial part. | | 


far more impoſſible will this renewal be, if we put the caſe, that 
ay. was devoured by Cannibals ; for then the fame fleſh, belonging 
fucee avely to two different perſons,. tis impoſſible that both ſhould have 
eor'd to them at once, or that any footſteps ſhould remain of the rela- 
had to the firſt poſſeſſor. | . 


J Ir, in anſwer to this grand objection, I have ſeveral. things to Auſuer a 


hd, 1/t, A human body is not like a ftatue of braſs, or marble, that 
continue, as to ſenſe, whole ages, in a permanent ſtate ; but is in a 

tual flux, or changing condition ; ſince it grows, in all its parts, and 
s dimenſions, from a corpuſcle no bigger than an inſect, to the full 
re of a man; which could not happen but by a conſtant appoſition, 
aſimilation of new parts, to the primitive ones, of the little embryo. 
lince men, as other animals, grow but to a certain degree, and till a 
in age, and therefore muft diſcharge a great part of what they eat 
rink by inſenfible perſpiration, which SanZorius's ſtatical experiments 
mine aſſure me to be ſcarce credibly great, as to men, and fome other 
als, _ hot and cold ; it will follow, that in no very great _——_ 

0 


1 


nd here it may be proper to mention an experiment, made by two ac Paysics. 
atance of mine, men of great veracity and judgment, who both aſſu .... 


the reſurre- 
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Pays1cs. of time, a large part of the ſubſtance of a human body, muſt be Changs 
KxXet tis conſiderable, that the bones are of a ſtable and laſting textun 
as I found, not only by ſome chymical trials, but by the skulls and or 
bones of men, whom hiſtory records to have been kilPd an exceeding ly 


time ago. 
2aly, There is no determinate bulk, or ſize, neceſſary to make a hun, 
body paſs for the ſame; and a very ſmall portion of matter, will ſon 


times, ſerve the turn. Thus an embryo, for inſtance, in the womb, a 


born child, a man at his full ſtature, and a decrepit, aged perſon, 
withſtanding the vaſt difference of their ſizes, are ſtill reputed to hes 
ſame perſon; as is evident by the cuſtom of crowning kings and emp 
in the mothers womb ; and by putting malefactors to death in their 
age, for crimes committed in their youth. And, if a very tall, andy 
wieldy fat man, ſhould as it ſometimes happens, be reduced by a 
ſumption, almoſt to a skeleton; yet none would deny that this wil 
man, were the ſame with him that had once ſo vaſt a body. 

3dly, A body may either conſiſt of, or abound with ſuch corpuſcls,, 
may be variouſly aſſociated with thoſe of other bodies, and exceediy 
diſguized by the mixtures, yet retain their own nature: and of this: 
have various inſtances in metals. Thus gold, for example, when diſt} 
in Aqua regia, paſſes for a liquor; and, when dextrouſly csg 
ted, appears a ſalt, or vitriol ; by another alteration, I have mac 
part of the fewel of a flame; being dextrouſly conjoin'd to another nt 
ral, it may be reduced to glaſs ; well precipitated with mercury, it ni 
a glorious tranſparent powder; precipitated with ſpirit of urine, . 
of tartar per deliguium, it makes a fulminating calx, that goes of r 
eaſily, yet is far ſtronger than gun- powder; precipitated with another 
tain alkali, the fire turns it to a fix*d and purple calx. But notwithſir 


ing all theſe, and various other diſguizes, the gold retains its nat, . 


may be prov'd by chymical operations, eſpecially by reductions, * 
mercury, is of a more changeable nature than gold; ſometimes putt 
on the form of a vapour; ſometimes appearing in that of an almoſt 
pid water; ſometimes aſſuming the form of a red powder; ſometime! 


of a white, or yellow one; of a cryſtalline ſalt; of a malleable mt 


and of what not? Yet, all theſe are various dreſſes of the ſame qu 
filver, which a skilful artiſt may eaſily make it put off, and appeari? 
in its native ſhape ®. _ 2 wk ö 


* If groſs bodies, and light, be mutu- 1 “ cid, fuſible, brittle ſtone ; and thisl 
ally convertible into each other, as Sir Iſaac | returns into water by heat; and 
Newton ſeems to think they are; what tranſ- returns into water by cold. n 
mutations may there not be, in the compaſs | ** heat, becomes fire ; and, by - 
of nature and art? Nature, as Sir Iſaac ob- | turns into earth. Denſe bodies, 1} 


ſerves, ſeems delighted with tranſmutations : 
«6 Water ( fays he) ſhe changes into va- 
«© pour; which is a ſort of air; and, by 
4 cold, into ice; Which is a hard, pellu- 


<«© mentation, rarify into ſeveral fort 
«* air; and this air by ferment!" 
© {ſometimes without it, returns into“ 
bodies. Mercury ſometimes ape 
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Ws, chan vegetables and animals; yet there are ſome to be met with a- 


$avey, obſerv'd all the butter, that was made in ſome places, during the 
ing ſeaſon, taſted very much of a certain weed, which, at that time, a- 
And conſidering how many elaborate altera- 
$ the rank corpuſcles of this weed muſt have undergone, in the various 
eſtions in the cow's ſtomach, heart, udder, Sc. and that afterwards 


pm ; it will ſcarce be deny'd, that vegetable corpuſcles may, by aſſo- 


ded by our example in the offenſive taſte. And beſides what we com- 
nly obſerve on the ſea- coaſt, of the fiſhy taſte of thoſe ſea-birds that 
d only upon fiſh;. I-purpoſely inquired of an obſerving man, who lived 
part of the 17i/+ coaſt where the cuſtom is to fat their hogs with a 


There is a 
pulp of the fruit, of which it is a part, paſſes thro* the various 
urine; as I have been ſeveral 


But, more odd is that, 


Charibbe iſlands; when ſpeaking of 


ga child with the milk of an animal, that had taken elaterium, I once, 


e form of a fluid metal, and ſometimes into flies. All birds, beaſts, and fiſhes, 


inſects, trees, and vegetables, with their 
ſeveral parts, grow out of water, and wa- 
try tinctures, and ſalts; and, by putrefa- 
ction, return again into watry ſubſtances. 
Water, ſtanding a few days, in the o- 
pen air, yields a tincture, which (like 


Nl 
Ire; 
te 
im 3 Yrg theſe too: for, not to mention Hippocrates's affirmation, about pur- 
Nt 
on 
Ws nds in the fields there. 
NG; 
ed 
xc ſeparations, at leaſt, were made, the one of the cream from the reſt 
d, che milk, and the other of the unctuous parts of the cream from the 
J 
lt on, paſs thro? various diſguizes, without loſing their nature, eſpe- 
"al iy ſince the eſſential attributes of ſuch corpuſcles may remain unde- 
| Þy'd,. tho' no ſenſible quality ſurvive, to make proof of it, as is af- 
ls; 
dig 
1s 
ol : wv 0 n a 
11 of ſhell-fiſh, wherewith that place very much abounds, about the taſte 
pace heir pork ; and he aſſured me, that the fleſh had fo ſtrong and rank a 
0 our of the fiſh, that ſtrangers could not endure to eat it: | 
tm ain fruit in America, well known to our Engliſh planters, which many 
| * ef hem call the prickle- pear, whoſe very red juice, being eaten with 
) We »* 
ers ners, and digeſtions of the body, ſo unalter'd, as to render the 
dalla red enough to perſuade thoſe, who are unacquainted with this 
W," erty, that they make bloody 
5 a ſſured, by unſuſpected eye - witneſſes. | 
70 Wed by a learned man, who ſpent ſeveral years upon the Dutch 
non Engliſbꝰ plantations, in the 
m6 —_ 
> me 
10 the form of a hard, brittle metal; as 
e 0 : - 
carat pmetimes in the form of a corroſive, * 
dellucid falt, called ſublimate; ſome- 
| imes in the form of a taſtleſs, pellu- * 
*. id, volatile white earth, call'd Mer- 66 
| urius dulcis; or in that of a red, opake, " 
1d thi folatile earth, call'd cinnabar; or in 


hat of a red or white precipitate ; or 
n that of a fluid falt: and diſtillation 
urns it into vapour; and being agitated 
in vacuo, it ſhines like fire. And, after 
Il theſe changes, it returns into its firſt 
orm of mercury. Eggs grow from in- 
ſenſible 3 and change into a- 
aimals; tadpoles into frogs; and wornis 


ns into a 
es app 
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that of malt) by ſtanding longer, yields 
* a ſediment, and a ſpirit ; but, before pu- 
«« trefaQtion, is fit nouriſhment for animals 
and vegetables. And, among ſuch vi- 

rious and firange tranſmutations, why 
may not nature change bodies into light, 
and light into bodies?” Newton. Optic. 


p. 349, 350. 
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=. it be true inſtance f corpuſcles under- Puvsles. 
nd tho? it be true that inſtances of the permanence o 
Ing ſucceſſive diſguizes, may be much eaſier found among metals and mi- V= 
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Paysics, a fruit call'd Janipa, or Funipa, growing in ſeveral of thoſe iſlands, }, 
aps, that at the ſeaſon when this fruit falls from the tree, the hogs, which 
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feed on it, have both their fleſh and fat of a violet colour, as experieny þ 
witneſſeth; which colour is the ſame that the juice dyes. And the lil! ĩ 
happens to the fleſh of parrots, and other birds, that feed upon it. = 7 
Having thus ſhewn that the particles of a body may retain their naue 
under various diſguizes, I proceed to add, that they may be ſtripp'iy 
thoſe diſguizes, or, to ſpeak without a metaphor, be extricated from thoj 
compoſitions wherein they are diſguized ; and that ſometimes, by ſu 
ways as thoſe who are ſtrangers to the nicer operations of nature, woull =. 
—_ have thought on; nor will not, perhaps, judge probable, when p. 
ſed. e | | 2 
"Tho vitrification be look*d upon by chymiſts as the ultimate aftiony MM 
the fire, and the moſt powerful way of making inſeparable conjunqtus 
of bodies; yet even out of glaſs of lead, for inſtance, made of ſand, an 
the aſhes of a metal, (tho* the tranſmutation ſeems ſo great, that the dai 
and flexible metal is turn'd into a very tranſparent and brittle maſs) y 
have recover*d opake and malleable lead. And tho? there be ſeveral wi: 
beſides precipitations, of divorcing ſubſtances, that ſeem ſtrictly, if un. 
inſeparably, united; yet, by precipitation alone, if a man have the i 
to chuſe proper precipitants, ſeveral ſeparations my be eaſily and thy 
roughly made, that every one would not think of: for *tis- not neceſſin| 
that in all precipitations, as is obſerv'd in moſt of the vulgar ones, t. 
precipitant ſhould indeed make a ſeparation of the diffolv'd body fromti 
maſs or bulk of that liquor, or other adjunct, whereto *twas before ui 
ted, and not be able to perform this, without aſſociating its own corpuſct 
with thoſe of the body it ſhould reſcue, and ſo making, in. ſome {enſe,! 
new and farther compoſition. That ſome bodies may pfecipitate other 
without uniting themſelves with them, is eaſily prov'd by the experinz 
of refiners in ſeparating ſilver from copper; for the mixture being! 
ſolv'd in Aqua fortis, if the ſolution be afterwards diluted, by addingi 
teen or twenty times as much common water, and you put into this lia 
a copper-plate, you ſhall quickly ſee the ſilver begin to adhere to the plit 
not in the form of calx, as when gold is precipitated to make Aurum. 
minans, or tin-glaſs, to make a fine white powder for a fucus ; but ili 
form of a ſhining metalline ſubſtance, that needs no farther reduction, 
be employ'd as good filver. And, by a proper precipitant, [I have all 
in a trice, reduced a large quantity of well-diſguized mercury, into 
ning quick-filver. And, if one can well appropriate the precipitanis! 
the bodies they are to recover, very ſlight, and unpromiſing agents, n 
perform great matters in a ſhort time. | 
If you let a piece of camphire lie a while upon oil of vitriol, ſhakit 
them now and then, it will be ſo corroded by the oil, as totally to dt 
appear therein, without retaining ſo much as its ſmell, or without any 
nifeſt ſign of there being camphire in that mixture; yet that N 
R ubltan oy 
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Fa! qualictes of its nature, but be reſtorable to its obvious and ſenſible ones 
a minute, and that by ſo unpromiſing a medium, as common water, 
Jill appear by pouring the ſolution into a large proportion of that fluid, to 
Whoſe upper part there will immediately riſe white, brittle, ſtrong- ſcented, 


0 cd inflammable camphire, as it was before. | 

6 AW Tis here a principal conſideration, that all bodies being but parcelsof the 
+ AWpiverſal matter mechanically different, they may ſucceſſively put on forms, 
a way of circulation, till they return to their original form, whence they 
a ſt begun; by having only their mechanical properties alter'd. 

hat all bodies agree in one common matter, the ſchools themfe]ves 

ow; making what they call the Materia prima to be the common. baſis 
„ them all; and their ſpecific differences to ſpring from their particular 
Wms: and ſince the true notion of body conſiſts either alone in its exten - 
n In, or in that and impenetrability together, it will follow, that the dif- 
„ Pences which make the varieties of bodies we fee, muſt not proceed from 
rn nature of mere matter, of which we have but one uniform conception; 
„from certain attributes, ſuch as motion, ſize, poſition, &c. that we call 
4 Wchanical affections. Hence a determinate. proportion of matter bei 
% Men, if we ſuppoſe that an intelligent and otherwiſe duly qualify'd agent 
"lb Mee to watch this portion of matter in its whole progreſs thro? the various 

„% Mrs ic is made to put on, till it come to the end of its courſe or ſeries of 
14 Inges; and that this intelligent agent ſhould lay hold of this portion of 
8 eer, cloth'd in its ultimate form; and, extricating it from any other 
l Mels of matter wherewith it may be mix'd, make it exchange its laſt me- 
mY WM ical properties for thoſe which it had when this agent firſt began to 


m_ Mh it. in ſuch a caſe, I ſay, this portion of matter, how many changes 


e aiſguizes ſoever it may have undergone in the mean time, will return 
c what it was; and if it were before part of another body to be repro- 
» . 1 = become capable of having the ſame relation to it, that for- 
| 9 ID it ad. 

en wo hus, ſuppoſe a man to cut a large ſphere of ſoft wax into two equal 
1 i WW: and of the one to make cones, cylinders, rings, ſcrews, &c. and 


ine: ding the other with paſte, make an appearance of cakes, vermicelli, 
gs, biskets, Sc. *tis plain, that one may, by diſſolution, and other 
s, ſeparate the wax from the paſte, and reduce it in a mould to the ſame 
liſphere of wax it was before; and ſo we may deſtroy all that made the 
er part of the wax paſs for cones, cylinders, rings, &c. and reduce 
a mould to one diſtin& hemiſphere, fit to be re-conjoin'd to the other; 
ſo to recompoſe ſuch a ſphere of wax, as they conſtituted before the 
ration was made. And to view precipitate, carefully prepared per /2, 
would think that art had here made a body extremely different from 


3 „ mon mercury; this being conſiſtent, like a powder, very red in colour, 
vegetad) purgative, and for the molt part vomitive in operation, tho? given but 
1 5 e quantity of four or five grains: yet if you but urge this powder with 
x H h 2 a due 
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oſtance, thus ſwallow'd up and changed by one of the moſt fretting and Pa ys1cs. 
ctroying ſubſtances known in the world, ſhould not only retain the eſſen N.. 


Pays1cs. a due heat; by putting the component particles into a new and fit motion, 
you may re-unite them together, ſo as to re-produce the ſame running 
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mercury you had before the precipitate per /e was made of it. 

4thly, But the chriſtian doctrine doth not aſcribe the reſurrection'to n. 
ture, or any created agent, but to the peculiar and immediate operatiq 
of God ; who has declared, that he will raiſe the dead. Wherefore, wh, 
I mention chymical ways of recovering bodies from their various diſguizs Pot: 
Jam far from deſiring, that ſuch ways ſhould be thought the only on, Me 
or the beſt that can poſſibly be employ*d to ſuch an end. For, as theg. > 
nerality of men, without excepting philoſophers themſelves, would sn 
have believed or thought, that by eaſy chymical ways, bodies, Which Meir 
reputed to have paſs'd into quite another nature, ſhould be reduced ; i 


reſtored to their former condition; ſo, till chymiſtry, and other parts dd) 
natural philoſophy, be more thoroughly underſtood, and farther py Wtio 
moted, tis probable, that we can ſcarce now imagine, what expedien ing 
to re- produce bodies, a further diſcovery of the myſteries of art and hoſ 
ture may lead us to. And much leſs can our ſlender knowledge determi rec 
what means, even of phyſical ones, the moſt wiſe author of nature is} cles 
to employ, to bring the reſurrection to paſs ; ſince ' tis a part of the imp; ent! 
fection of inferior natures, to have but an imperfe& apprehenſion of tx} Wile c 
owers of one that is incomparably ſuperior to them. And even amor Fr vec 
ourſelves, a child, who is endow'd with a reaſonable ſoul, cannot conccinj® gt 
how a geometrician ſhould meaſure inacceſſible heights and diſtancs nJo. 
much leſs, how a coſmographer can determine the whole compaſs of | ich]! 
earth and ſea; or an aſtronomer ſhew how far *tis from hence to the mon e. 
and tell many years before-hand, what day and hour, and to what degt a fc 
the will be eclipſed. And, indeed, in the Indies, not only children, * an, 
rational men, could not perceive how *twas poſſible for the Europeans 15% 
converſe with one another, bythe help of a piece of paper, at a hund ; ict 
miles diſtance; and in a moment produce thunder and lightning, andi E di 
men a great way off, as they ſaw done by guns; and much leſs, how tt Fc 
ſhould foretel an eclipſe of the moon, as Columbus did, to his great © tion 
vantage: which things made the Indians, even the chiefeſt of them, |: AF, 2 
upon the Spaniards as perſons of more than human nature. Now, ami! 7 - 
thoſe who have a true notion of a Deity, a Being both omnipotent ir | 1 ry 
omniſcient, that he can do all, and more than all, that is poſſible to! E | 
perform'd by any way of diſpoſing of matter and motion, is a truth it x 0 
will be readily acknowledg'd; ſince he was able at firſt to produce! 5 
world, and contrive ſome part of the univerſal matter of it, into the & : 3 
dies of the firſt man and woman. And that his power extends to the- = 
union of a ſoul and body, which have been ſeparated by death, we f iel b 
learn from the experiments God has been pleaſed to give of it, both n - 
old teſtament and the new; eſpecially in the raiſing Lazarus and Ul er 15 
again to life: of the latter of which, particularly, we have proofs fro a b 


enough to ſatisfy any unprejudiced perſon, who deſires but competent Wometi 


guments to convince him, 6 
1 


ußon the RESURRECTION. 2597 
Since then a human body is not ſo confined to a determinate bulk, but Pavysres. 


. * hat the ſame ſoul being united to a portion of duly-organiz d matter, i 
Mid to conſtitute the ſame man, notwithſtanding the vaſt differences of big- 
ess that there may be, at ſeveral times, between the portions of matter 
„ Phereto the human ſoul is united: ſince a conſiderable part of the human 
„ Pody conſiſts of bones, which are bodies of a very determinate nature, and 
Pot apt to be deſtroy d by the operation either of earth or fire: ſince of the 
ts ess ſtable, and eſpecially the fluid parts of a human body, there is a far 
g Preater expence made, by inſenſible tranſpiration, than even philoſophers 
m Would imagine: ſince the ſmall particles of a reſolved body may retain 
„ Ieir own nature, under various alterations and diſguizes, of which *tis 
„„ Poſſible they may be afterwards ſtript : ſince, without making a human 
%% ody ceaſe to be the ſame, it may be repair'd and augmented by the adap- 


tion of fitly- diſpoſed matter to that which pre- exiſted in it : ſince theſe 
ings are ſo, why ſhould it be impoſſible, that a moſt intelligent agent, 
AT hoſe omnipotence extends to all that is not truly contradictory to the na- 
re of things, or to his own, ſhould be able ſo to order and watch the par- 
cles of a human body, that of thoſe remaining in the bones, of thoſe that 
entifully fly away by inſenſible tranſpiration, and of thoſe that are other- 
iſe diſpoſed of upon their reſolution, a competent number may be pre- 
rved or retrieved ; ſo that ſtripping them of their diſguizes, or extrica- 
ting them from other parts of matter, to which they may happen to be 
Injoin'd, he may re- unite them betwixt themſelves, and, if need be, 
ich particles of matter fit to be intervoven with them; and thereby re- 
ore or reproduce a body, which being united with the former ſoul; may, 
a ſenſe agreeable to the expreſſions of ſcripture, re- compoſe the ſame 
an, whoſe ſoul and body were formerly disjoin'd by death. 
=& 5:4!y, Hitherto we have taken the doctrine of the reſurrection in a more 


ny Pick and literal ſenſe, becauſe I would ſhew, that even according to that, 
dh & difficulties of anſwering what is mention*d againſt the poſſibility of it, 


dot inſuperable ; tho? it would much facilitate the defence and expla- 


W the "= , 1 | a 

u: ion of ſo abſtruſe a thing, to allow, that as the human ſoul is the form 
„ It man, ſo that whatever duly-organiz'd portion of matter is thereto uni- 
7 0 . k G 
mar d, it therewith conſtitutes the ſame man; the import of the reſurrection 


fulfilPd in this, that after death there ſhall be another ſtate, wherein the 
dul ſhall no longer perſevere in its ſeparate condition, but be again united, 


to K 
Be vt to an ethereal, or the like fluid matter, but to ſuch a ſubſtance, as 
ace i ay, with tolerable propriety of ſpeech, be call'd a human body. 
the b They who aſſent to this account of the poſſibility of the reſurrection of 
the e ſame bodies, will, I preſume, be much more eaſily induced to admit 
is e poſſibility of the qualifications the chriſtian religion aſcribes to the glo- 
nt hed bodies of the raiſed ſaints. For, ſuppoſing the truth of the ſcripture, 
4 (i e may obſerve, that the power of God has already extended itſelf to the 
« oh erformance of ſuch things, as import as much as we need infer ; ſome- 
_ mes by ſuſpending the natural actions of bodies upon one another, and 
| ometimes by endowing human and other bodies with preternatural qua- 
Sin lities. 
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Ph vsiog. lities. And indeed lightneſs, or rather agility, indifference to Braviy 
and levity, incorruption, tranſparency, opacity, figure, colour, &. 
; being but mechanical affections of matter; it cannot ſeem incredible, th, 
the moſt free and powerful author of choſe laws of nature, according u 
which, all the phenomena of qualities are regulated, may, as he thinks, 
introduce, . eſtabliſh, or change them, in any aſſign'd portion of matter 
and conſequently. in that whereof a human body conſiſts. Thus tho? i 
be a body above eight times ſpecifically heavier than water; yet in th; 
caſe of Eliſba's helve, its native gravity was render*d ineffectual, and; 
aſcended from the bottom to the top of the water: and the gravitationy! K* 
St. Peter's body. was ſuſpended, whilſt his maſter enabled him to walk 
the ſea. Thus the operation of the moſt active body in nature, flame, W 
ſuſpended. in Nebuchadxezar's fiery furnace, whilſt: Daniel's three com, 
nions walk' d unhurt therein. And thus the body of our Saviour, att 
his reſurrection, tho? it retain'd the very impreſſions that the nails of | 
croſs had made in his hands and feet, and the wound of the ſpear in l 
ſide, as the hiſtory of the goſpel aſſures us; was endow'd with far noble 
qualities, than before its death, And, as the apoſtle tells us, that tj 
great change of ſchematiſm in the ſaints bodies will be effected by theirr. phy 
ſiſtible power of Chriſt; we ſhall not ſcruple to allow of ſuch an eff] 

from fuchanagent, if we conſider how much the bare ſlight mechanical Þ WM 
alteration of the texture of a body, may change its ſenſible qualities fy ak 
the better. Thus, without any viſible addition, I have ſeveral ung! i 
changed dark and opake lead, into finely-colour'd tranſparent glaſs, of:] WW heay 
leſs ſpecific gravity 3. and thick fetid ſmoke, into a bright and ſcentkif Pultit 
flame. | theſe 
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HE Propoſition I ſhall here endeavour to eſtabliſh, is, that a Experimental 
man may be a virtuoſo, or experimental philoſopher, without 2% 
forfeiting his chriſtianity. gion, in gene- 
f And firſt, *tis certain, that a due courſe of experimental phi- a, 
phy greatly conduces to ſettle in the mind a firm perſuaſion of the ex- 
Ince, and ſeveral of the chief attributes of God; which perſuaſion is, 
Whe order of things, the firſt principle of that natural religion we allow 
the very foundation of reveal'd religion in general. | 
That the conſideration of the vaſtneſs, beauty, and regular motions of 3 4i/covering 
heavenly bodies, the excellent ſtructure of animals and plants, beſides She exiftence 9 
ultitude of other phenomena of nature, and the ſubſerviency of moſt C4. : 
heſe to man, may juſtly induce him, as a rational creature, to con- 
e, this vaſt, beautiful, orderly, and admirable ſyſtem of things, which 
aall the world, was framed by an author ſupremely powerful, wiſe, 
good, can ſcarce be deny'd by an intelligent and unprejudiced perſon. 
this is ſtrongly confirm'd by experience, which witheſſeth, that in al- 
We all ages and countries the generality of philoſophers and contempla- 
men were perſuaded of the exiſtence of a Deity, from the conſidera- 
of the phenomena of the univerſe ; whoſe fabric, and conduct, they 
rally concluded, could not be juſtly aſctibed either to chance, or to 
other cauſe than a divine Being. | | 
zut tho* God hath manifeſted himſelf, even to ſuch as conſider things 
ſuperficially, by ſtamping upon ſeveral of the mote obvious parts of 


works ſuch confpicuous impreſſions of his attributes, that a moderate 
ee of underſtanding and attention may ſuffice to make men acknow- 
ge his being; yet this aſſent is greatly inferior to the belief which the 
objects are fitted to produce in him, who with care and skill 
ders them. For, the works of God are ſo worthy of their author, 
» beſides the impreſſes of his wiſdom and goodneſs, left, as it were, 
n their ſurfaces ; there are a great many more curious and excellent 
Pens, and effects of divine artifice, in the hidden and innermoſt receſſes 
them: and theſe are not to be diſcover'd by the ſlight glances - the 
azy, 


| 
* 
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Pnvstcs. lazy, and the ignorant; but require the moſt attentive and prying nf | 
WY 


ction of curious and well-qualify*'d minds. And ſometimes in one c,, Mi 


diſcern thoſe qualities that lie more concealed. And the more wonder 


adore the divine author of things. 


into the ſtructure of things, their manner of being produced, and of 0: 
rating upon one another; and conſequently are very inſufficient to dich 
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ture there may be great numbers of admirable things, that eſcape a yy] „ 


eye, which yet are clearly diſcernible by that of a true naturaliſt; ky 
brings with him, beſides a more than common curioſity and attention,; 
competent knowledge of anatomy, optics, coſmography, mechanics, a 
chymiſtry. In ſhort, God has couch'd ſo many things in his viſh, 
works, that the clearer light a man uſes, the more he may diſcovery 


their unobvious beauty, and exactneſs; and the more fully and diftingj 


things he diſcovers in the works of nature, the more corroborating pri er 
he meets with to eſtabliſh and enforce the argument drawn from they; 
verſe, and its parts, to demonſtrate that there is a God; a propoſition; 
ſo vaſt a weight and importance, that it ought to endear every thing touk Wi 
that is able to confirm it, and afford us new motives to acknowledgen ? uf 


Now, with regard to this matter, we may confidently ſay,. that exp 
mental philoſophy has a great advantage of the ſcholaſtic: for, in the] 
ripatetic ſchools, where things are aſcribed to certain ſubſtantial forn 
and real qualities; the accounts of nature's works may be eaſily given 
few words, general enough to be applicable on almoſt all occaſions. } 
theſe uninſtructive terms neither oblige nor conduct a man to deeper ſearch 


the exquiſite wiſdom which the omniſcient maker has expreſſed in the p 
liar fabric of bodies, and the well-regulated motions of them, or of ti: 
conſtituent parts. From the diſcernment of which things, neverthel,} Þ 
is, that there ariſes, by way of reſult in the philoſophic mind of an in: * 
gent contemplator, a ſtrong conviction of the being of a divine arti, : 
and a juſt acknowledgment of his admirable wiſdom. To be told tua 
eye is the organ of ſight, and that this is perform'd by that faculty oft 
mind, which, from its function, is call'd viſive, will give a man but a or! 
account of the inſtrument, and manner of viſion itſelf, or of the knowl: 
of the artificer who form'd the eye. And he who can take up with this 
theory of viſion, will not think it neceſſary to beſtow. pains to diſſect 
eyes of animals, or ſtudy the writings of mathematicians, to underſtand 
doctrine of it; and, accordingly, will have but mean thoughts of the co 
vance of the organ, and the Skill of the artificer, in compariſon of thei 
that will be ſuggeſted of both to him, who, being thoroughly skill'd ni 
tomy, and optics, by their help takes aſunder the ſeveral coats, humo! 
and muſcles, of which that exquiſite dioptrical inſtrument conſiſts; 
having ſeparately conſider'd the figure, ſize, conſiſtence, texture, tral 
rency, or opacity, ſituation, and connexion of each of them, and how f 
are all adjuſted in the whole eye, ſhall diſcover, by the laws of optics," 
admirably this little organ is fitted to receive the incident rays of light! 
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oe numberleſs objects of fight. 

e ris eaſy to ſay, in general terms, that the world is wiſely framed ; but 
doubt it often happens, that men confeſs the creatures are wiſely made, 
Mather becauſe they, upon other grounds, believe God to be a wiſe agent, 
han becauſe ſo light an account as the ſchool-philoſophy gives of particu- 
„ar creatures, convinces them of any divine wiſdom in the creator. And 
i Mtho' I am willing to grant that ſome impreſſions of God's wiſdom are fo 


Fonſpicuous, that even, as was ſaid before, a ſuperficial philoſopher may 
Fhence infer that the author of ſuch works muſt be a wiſe agent; yet how 
% Wiſe an agent he has in thoſe works expreſſed himſelf to be, none but an 
perimental philoſopher can well diſcern. And tis not by a ſlight ſurvey, 
Mut by a diligent and skilful ſcrutiny of the works of God, that a man 
uſt be, by a rational and affective conviction, engaged to acknowledge 
at the author of nature “ is wonderful in counſel, and excellent in 
working.“ 


Whereof is, the belief and expectation of a future and everlaſting ſtate. 
or this important truth, many arguments may be alledged, to perſuade 
(ober and well-diſpoſed man to embrace it; but to convince a learned ad- 
rſary, the ſtrongeſt argument that the light of nature ſupplies us with, 
ems to be that afforded by real philoſophy: for this teacheth us to form 
e and diſtin& notions of the body, and the mind, and thereby manifeſts 
great a difference in their eſſential attributes, that ſhews the ſame thing 
not be both. This it makes out more diſtinctly, by enumerating ſe- 
al faculties and functions of the rational ſoul z ſuch as to underſtand, 
I that ſo as to form conceptions of abſtract things, of univerſals, of im- 
eerial ſpirits, and even of that infinitely perfect one, God himſelf; and 
c conceive and demonſtrate that there are incommenſurable lines, and 
numbers; to form chains of reaſoning, and draw both cogent and 
aatenated inferences about theſe things; to expreſs intellectual notions, 
re natd, by words, or inſtituted ſigns, to other men; to exerciſe free- 
l about many things; and to make reflections on its own acts, both of 


Finde 
ititt, 


ar to the human mind, and ſuperior to any thing that belongs to the 
tward ſenſes, or to the imagination itſelf, manifeſt, that the rational 
lis a Being of an higher order than corporeal; and, conſequently, that 
ſeat of theſe ſpiritual faculties, and the ſource of theſe operations, is a 


bude ſtance, that, being in its own nature diſtin& from the body, is not na- 

ilts I Wally ſubject to periſh with it. x 

', real And, with regard to this truth, our virtuoſo hath an advantage of a 

| how g re ſchool- philoſopher. For, being acquainted with the true and real 

771 cs of putrefaction, and other phyſical kinds of corruption, and there- 
2 


diſcerning that the things which deſtroy bodies, are the avolation, or 


her receſs, of ſome neceſſary parts, and f i 97 
Vol. II. Y parts, T uch a depraving tranſpo ** 
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. iſpoſe them in the beſt manner poſſible, to give a lively repreſentation of Pays1cs. 


2. After the exiſtence of the Deity, the next grand principle of natural Y innorta- 


ligion 1s, the _— of the rational ſoul ; the genuine conſequence 2 the 


derſtanding and will. For theſe, and the like prerogatives, that are pe- 
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PR vsfcs. of the component portions of matter, as is altogether unſuitable to the 
WY) 


And the belief 3. A third chief principle of natural religion, and, conſequently, ot 


of a divine 
providence. 
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ſtructure, and mechanical modification, eſſential to a body of that ſpeci 7 
or kind, whereto it belongs; he plainly perceives, that theſe cauſes of 4, | 
ſtruction can have no place in the rational ſoul ; which being an immateryy | 
ſpirit, and, conſequently, a ſubſtance not really diviſible, can have 9 
parts expell'd, or tranſpoſed ; and ſo being exempted from the phyſicy 
cauſes of corruption, that deſtroy bodies, it ought to laſt always. And 
being a rational creature, endow'd with internal principles of acting, , 
appears in free-will, it ought to live for ever, unleſs it pleaſe God to ani. 
hilate it; which we have no reaſon to ſuppoſe he will do. On the oth 
hand, the modern Peripatetics maintain ſubſtantial forms, by ſome ( 
them, tiled Semi. ſubſtantiæ; to which, in apes, elephants, and others, thy 
paſs for ingenious animals, they aſcribe ſome ſuch faculties, and funQion 
as ſeem to differ only in degree from thoſe of the rational ſoul'; but, hy} 
innocent ſoever their intentions may be, their doctrine tends greatly u 
weaken the chief phyſical way of proof, from whence the immortality x 
man's mind is juſtly inferr'd. For ſince, according to the Peripateir, 
ſubſtantial forms are, as they ſpeak, educed out of the power, or poter. 
tiality, of the matter; and ſo depend upon it, not only as to action, hy 
as to being, that they cannot at all ſubſiſt without it; but when the pan 
cular body, as an herb, a ſtone, or a bird, is deſtroy*d, they periſh wii 
itz I think they give great advantage to atheiſts, and cavillers, to opp; 
the immortality of the mind. | 
For if to an ape, or other brute animal, there belongs a Being mi 
noble than matter, that can actuate, and inform it, and make itſelf th 
architect of its own manſion, tho? ſo admirable as that of an ape, or u 
elephant; if this Being can, in the body it hath framed, perform allt 
functions of a vegetable ſoul ; and, beſides thoſe, ſee, hear, taſt, ft 
imagine, infer, remember, love, hate, fear, hope, expect, Sc. andy: 
be a mortal thing, and periſh with the body; *twill not be difficult ir 
thoſe enemies of religion, who are willing to think the ſoul mort, u 
fancy, that human minds are only a more noble, but not leſs mortal kit 
of ſubſtantial forms: as, amongſt ſenſitive ſouls themſelves, which ths; 
acknowledge to be equally mortal, there is a great diſparity in degree; th} 
of a monkey, for inſtance, being very far ſuperior to that of an oy, 


veaFd religion, which ſuppoſes the former as its foundation, is a belict 
the divine providence. And, in this grand article, as well as in the i 
foregoing, a man may be much confirm'd by experimental philoſophy | 
both as it affords him poſitive inducements to acknowledge the article, wi 
as it ſhews the great improbability of the two principal grounds, on d 
or other of which is founded the denial of God's providence. 

A virtuoſo, who, by manifold and curious experiments, ſearches de 
into the nature of things, has great, and peculiar advantages, to diſco'Þ 
and obſerve, the excellent fabric of the world, as *tis an immenſe agg* 
gate of the ſeveral creatures that compoſe it; and to take notice 1 


gatioi 
this | 
ar by 
> vaſt 
ploy 
ould * 
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arrticular parts, eſpecially thoſe that are animated, of ſuch exquiſite con- PB xsles. 
rivances, and ſuch admirable co-ordinations, and ſubordinations, in re... 
erence to each other, as lie hid from thoſe who are not both attentive, and 
kilful. When our virtuoſo contemplates the vaſtneſs, ſcarce conceivable 
v iftneſs, and yet conſtant regularity, of the various motions of the ſun, 
Fn00n, and other celeſtial lights; when he conſiders how the magnetiſm 
ſ the earth makes its poles conſtantly point the ſame way, notwithſtand- 
Ing its various motions; how, by daily turning about its own centre in 
Four and twenty hours, it receives as much light and benefit from the ſun, 
Ind all the glorious conſtellations of the firmament, as if they, with all 
he vaſt heavenly region they belong to, mov'd about it in the ſame time; 
Sow, by its ſituation among them, it enjoys the regular viciſſitudes of day 
ad night, ſummer and winter, Sc. how the ſeveral parts of the ſublu- 
ry world are mutually ſubſervient to one another, and moſt of them ſer- 
ceable to man; how excellently the bodies of animals are contrived ; 
Phat various and ſuitable proviſion is made for different animals ; how ad- 
Pirable and aſtoniſhing a proceſs is gone through in the formation of the 
Wecus ; how various animals are endow'd with ſtrange inſtincts, whoſe ef- 
as ſometimes ſeem much to ſurpaſs thoſe of reaſon itſelf: when; I ſay, 
philoſopher duly reflects on theſe things, and many others of the like 
MW port, he will think it highly rational to infer from them theſe three con- 
Huſions. | 

& Firſt, that a machine immenſe, beautiful, well contrived, in a word, 
I admirable as the world, cannot have been the effect of mere chance, or 
We tumultuous juſtlings, and fortuitous concourſe of atoms; but muſt 
Nee been produced by a cauſe exceedingly powerful, wiſe, and benefi- 
=. | 
econdly, that this moſt powerful author and contriver of the world 
y not abandon'd a work ſo worthy of him, but ſtill maintains and pre- 
ess it; ſo regulating the ſtupendouſly ſwift motions of the great globes, 
Mother vaſt maſſes of the mundane matter, that they do not, by any 
r irregularity, diſorder the grand ſyſtem of the univerſe, and reduce 
oa chaos, or confuſed ſtate of things. | 5 | 
Thirdly, that as it is not above the ability of the divine author, tho? a 
gle Being, to preſerve and govern all his viſible works, how great and 
merous ſoever; ſo he thinks it not below his dignity and majeſty; to 
tend his care and beneficence to particular bodies, and even to the mean- 
creatures z providing, not only for the nouriſhment, but for the pro- 
gation of ſpiders, and ants themſelves. And, indeed, ſince the truth 
this aſſertion, that God governs the world he has made, would ap- 
ar by the conſtancy, and regularity, and aſtoniſhingly rapid motions of 
vaſt celeſtial bodies, and by the long trains of as admirable artifices 
ploy'd in the propagation of various ſorts of animals; I ſee not why it 
ould be deny'd that God's providence may reach to his particular works 
e below, eſpecially to the nobleſt of them, man; ſince moſt of thoſe 
Po deny this, as derogatory to God's majeſty, and happineſs, acknow- 


1i 2 ledge, 
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Paysrtcs. ledge, that, at the firſt formation of things, the great author of them 
WWYRL mult not only have extended his care to the grand ſyſtem of the univerſe in * 

general; but allow'd it to deſcend ſo low, as to contrive all the minute 
and various parts, not only of greater, and more perfect animals, as el. 
phants, whales, and men; but ſuch ſmall, and abject ones, as flies, ant, 
mites, Sc. which being manifeſtly propagated by eggs, laid by the ff. 
male, cannot reaſonably be thought the offspring of putrefaction. When 
I gather, as from matter of fact, that to be concern'd for the welfr 
even of particular animals, as it is agreeable to God's wiſdom, and exy. 
berant beneficence z ſo it is not truly derogatory to his adorable greatne; 
and majeſty. | 

And ſince man is the nobleſt of God's viſible works; fince very may 
of them ſeem made for his uſe ; ſince, even as an animal, he is wonderfuly 
made, and curiouſly of artificially wrought ; and ſince God has both g. 
ven him a rational mind, and endow'd it with an intellect, whereby hea 
contemplate the works of nature, and by them acquire a conviction of th 
exiſtence, and ſeveral attributes of their ſupremely perfect author; an 
laſtly, ſince God hath planted notions and principles in the mind of my, 
fit to make him ſenſible that he ought to adore his maker, as the moſt pe; 
fect of Beings, the ſupreme Lord, and governor of the world; natur] 

reaſon dictates to him, that he ought to expreſs the ſentiments he has fi 
this divine Being, by a veneration of his excellencies; by gratitude fort; 
benefits; by humiliation, in view of his greatneſs, and majeſty ; byn 
awe of his juſtice 3 by reliance on his power, and goodneſs; and, in ſhor, 
by thoſe ſeveral acts of natural religion that reaſon ſhews to be ſuitab}, 
and therefore due to thoſe ſeveral divine attributes of his, which it has 
us to acknowledge. | | 

And here 1 ſhall add, that, from the Carteſian principles, a doublts | 
gument may be drawn for divine providence. 

For, firſt, according to the Carteſians, local motion, which is the gat 
principle of all action among things corporeal, is adventitious to matte 
and was originally produced in it, and is ſtill every moment continuo“ 

and preſerv*d, immediately by God: whence it may be inferr*d, that“ i 
concurs to the actions of each particular phyſical agent, and conſequent) 
that his providence reaches to all and every one of them. | 

And, ſecondly, the ſame Carte/ians believe the rational ſoul to be # 
immaterial ſubſtance, really diſtin, and ſeparable from the body. When 
I infer, that the divine providence extends to every particular man; fin 
whenever an embryo, or little human body form'd in the womb, is, "4 
being duly organized, fitted to receive a rational mind, God is pleas d 
create one, and unite it to that body. In which tranſaction, there ſee | 

5th to me a neceſſity of a direct and particular intervention of the div 
I | power; ſince I underſtand not by what phyſical charm or ſpell an ft 
b material ſubſtance can be allured into this or that particular embryo, "W 
; many that are, at the ſame time, fitted to receive a human ſoul ; nor 
** what merely mechanical ties, or bond, an immaterial 2 

| ura 
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urably join'd, and united, with a corporeal one, in which it finds no PaysIcs. 
arts, that it has organs to take hold of, and to which it can furniſh no 
ZE: rs to be faſten'd upon by them. No better can I conceive, how a mere 
ay can produce pain, pleaſure, Sc. by its own mere action, or endea- 
Pur to act on an immaterial ſpirit. Nor will the force of all this reaſon- 
4 g be eluded, by ſaying, with ſome deiſts, that, after the firſt formation 
che univerſe, all things are brought to paſs by the ſettled laws of na- 
re. Fer tho' this be confidently, and not without colour, pretended ; 
Et I confeſs it does not fatisfy me. For, not to mention the inſuperable 
Wficulty there is to give an account of the firſt formation of things, which 
any deiſts will not aſcribe to God; nor that the laws of motion, with- 
It which the preſent ſtate and courſe of the world could never be main- 
r'd, did not neceſſarily ſpring from the nature of matter, but depended 
Pon the will of the divine author of things; I look upon a law as a moral, 
t a phyſical cauſe. as being, indeed, but a notional thing, according 
which, an intelligent and free agent is bound to regulate its actions. 
t inanimate bodies are utterly incapable of underſtanding what a law is, 
what it enjoins, or when they act conformably or unconformably to it; 
d therefore the actions of inanimate bodies, which cannot incite or mo- 
rate their own actions, are produced by real power, not by laws; tho“ 
agents, if intelligent, may regulate the exertions of their power by 
tled rules. Bei n 1 | | 
4. I have taken notice of two other accounts, upon which the experi- 
Intal knowledge of God's works may, in a'well-diſpoſed.mind, conduce- 
SS&ſtabliſh the belief of his providence. IO ,1 $20 I e 701395: 
and, firſt, when our virtuoſo ſees with how many, and how various, 
= how admirable ſtructures, inſtincts, and other contrivances, the wiſe 
ficer hath furniſhed even brutes and plants to acquire, and affimilate- 
food; to defend, or otherwiſe ſecure themſelves from hoſtile things; 
WWpaintain their, lives, and propagate their ſpecies; it will-very. much 
Puce to perſuade him that ſo wiſe an agent Who has at command ſo ma- 
iffering and excellent methods and inſtruments to accompliſti what he 
ens, and often actually employs them for the preſervation and welfare 
beaſts, : and. even of plants, can never want means to com paſs his moſt 
e and juſt ends, with relation to mankind ; being able, by ways that 
ſhould never dream of, to execute his purpoſes, and fulfil his. pro- 
.. oon hib To Ho Un einde 77 180) gt NOISES s, 
Feondly, when we duly conſider the very different ends t W4¶fkß 
y of God's particular works, eſpecially thoſe that are anltnated ſeem 
ign'd, with reſpe& both to their own welfare, and the utility of man; | 
how exquiſitely; the great creator has been pleaſed to ſupplyi them 
h means admirably. fitted: to attain theſe reſpective ends; / cannot 
think it highly probable, that ſo wiſe and ſo bountiful. à Being has 


Uo rr left his nobleſt viſible; creature, man, unfurniſhed-with-means to 
er cure his own welfare, and obtain his true end, if he be not wanting to 
e ſelf. And fince man is endow'd with reaſon, which may convince 


him, 
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Paysrcs, him, what neither a plant, nor a brute animal is capable of knowing, ty 8 
W God is both his maker and continual benefactor ;' ſince his reaſon likeyis, 8 
E teacheth him, that upon both thoſe accounts, beſides others, God ny 
juſtly expect and require worſhip and obedience from him; ſince alſo, Ki 

ſame rational faculty may perſuade him, that it well becomes the maj} uf 

and wiſdom of God, as the ſovereign governor of the world, to git! Nit 

law to man, who is a rational creature, capable of underſtanding wt 

obeying it, and thereby glorifying the author of it; ſince, finding in h 

own mind a principle, which tells him, he owes a veneration, and oth 

ſuitable ſentiments, to the divine author of his being, and his continual a 
munificent benefactor ; ſince, on theſe accounts, his conſcience will | 

vince him of his obligation to all the eſſential duties of natural religio 

and ſince, laſtly, his reaſon may aſſure him, that his ſoul is immotm 

and is therefore capable and deſirous of being everlaſtingly happy, afte; 

has left the body; he muſt in reaſon be ſtrongly inclined to wiſh for a i 
pernatural diſcovery of what God would have him believe and do. 4 
therefore, if, being thus prepared, he ſhall be very credibly inform'd, ty 

God hath actually been pleaſed to diſcover, by ſupernatural means, vi 

kind of worſhip and obedience, which by reaſon alone he could but gui 

art, will be moſt acceptable to him; and to encourage man to both thi 

by expreſs promiſes of that felicity, which man, without them, can b! 

faintly hope for; he would be ready, then, thankfully to acknowledge, tu 

this way of proceeding becomes the tranſcendent goodneſs of God, with: 
derogating from his majeſty and wiſdom. And by theſe and the liker 
flections, a philoſopher, who takes notice of the wonderful providence, i 

God deſcends to exerciſe for the welfare of inferior and irrational aa 

tures, will have an advantage above men not vers'd in the works and coir 

of nature, in believing, upon the hiſtorical and other proofs which ar! i 

ſtianity offers, that God has actually vouchſafed to man, his noble 

only rational viſible creature, an explicite and poſitive law, enforce! 1 wn 


ſevere penalties denounced againft the ſtubborn tranſgreſſors, and pron wil 
ſing to the ſincere obſervers of it rewards ſuitable to his own greats, | — 5 h he 
and goodneſs, . And thus the conſideration of God's providence, nt WWWo!opi 
conduct af things corporeal, may convey a well · diſpoſed mind from u ents 
tural to reveal id religion. 19 | S are 
Experimental 5. Anothet-thing, that diſpoſes an experimental philoſopher to emb ge, 2! 
philoſophy religion, is, that his genius and courſe of ſtudies aceuſtom him to vi Il laſt 1 
—_— „ and delight in abſtract truths; by which term, b here mean ſuch truth nciples 
edo not at all; or very little, gratify mens ambition; fenſuality, or otherit of ſer 

ſenſual things do n an ery little, gratity mens „ienſuality, 
ferior paſſions and appetites. For, as the generality of thoſe who hai He 
averſion to religion, are led to it by a contempt of all truths, that don A * 


gratify their paſſions or intereſts; ſo, he who is addicted to experimen 
knowledge, is accuſtom'd both to purſue, eſteem, and reliſh many truck 
that do not delight his ſenſes, or gratify his paſſions, or intereſts; buton) 
entertain his underſtanding with that manly and rational ſatisfactin 
which is naturally afforded by the attainment of clear and noble m f 


# 
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genuine objects and delight. And tho? the diſcoveries made by the help Pavyses. . 
hy ſical or mechanical experiments, are not, for the moſt part, allied to . 
eealed religion; yet, beſides that ſome of them manifeſtly conduce to eſta- 

cm or illuſtrate natural religion, we may argue à fortiori, that he who is 
Nuſtomed to prize truths of an inferior kind, becauſe they are truths, 

i be much more diſpoſed to value divine truths, which are of a valtly 

her and nobler order, and of an ineſtimable and eternal advantage. | 
6. But farther, both the temper of mind, that qualifies a man for a vir- Gives ita do- 
Poco, and the way of philoſophizing he chiefly employs, greatly conduce clit. 
give him a ſufficient, well · grounded, and duly- limited docility; which is 


reat diſpoſition to the entertainment of reveal'd religion. In the vulgar 
ſuperficial philoſophy, wherein a man is allow'd to think that he has 
form'd his part well, when he has aſcribed things toa ſubſtantial form, 
eo nature, or to ſome real quality, whether manifeſt or occult, without 
Poing that there are ſuch cauſes, or intelligibly declaring, how they pro- 
Nee the phenomena, or effects refer d to them; *tis eaſy for. a man to 
Nea great opinion of his own knowledge, and be puff'd up by it. But 
Wirtuoſo, who cannot fatisfy himſelf, nor dares pretend to-fatisfy others, 
he can, by hypotheſes that may be underſtood and prov'd, declare in- 
Wigibly the manner of the operation of the cauſes he aſſigns, will often 
Wd it ſo difficult a task to effect all this, that he muſt eaſily diſcern, he 
ds further information, and therefore ought to ſeek for it where tis 
molt likely to be had. Beſides, the litigious philoſophy of the ſchools 
om furniſhes its diſciples with hetter than dialectical or probable argu- 
ts, which are not proper fully to ſatisfy the perſon who employsthem, 
o leave his adverſary without an anſwer, as probable as the objection: 
n which account, men who have more wit than a ſincere love for truth, 
IT be able to diſpute ſpeciouſly enough, as long as they pleaſe. : And as 
|| Wh flippery arguments are not able to convince even the perſon who uſes 
it he be a man of judgment; fo, if he deals with a witty adverſary, 
will leave him able to elude any arguments of the like nature, with 
en he ſhall be preſs'd. And in effect, we ſee, that in the Ariſtotelian 
Joſophy there are ſeveral eſtabliſh'd queſtions; ſuch as, Whether the 
ents retain their diſtinct natures in a mix'd body? Whether the celeſtial 
are moved by intelligences? &c. which have been diſputed from age 
age, and are like to continue queſtions for many more, if that philoſopy 
l laſt fo long. But a virtuoſo, who in his reaſonings attends to the 
nciples of mathematics, and ſound philoſophy, and to the clear teſtimo- 
of ſenſe, or well verify*d experiments, acquires a habit of diſcerning 
cogency of an argument, or way of probation ;. and eaſily perceives, 
t dialectical ſubtilties, and ſchool-tricks, cannot ſhift off its force; but 
finds more ſatisfaction in embracing a demonſtrated truth, than in the 
in glory of ſubtilly diſputing againſt it. 
. Another thing that may, by means of experiments, diſpoſe a ſtu- 4nd a ftne/ 
Ps ſearcher of truth for reveal'd religion, is, that his inquiries, and/*7 /earching 


cle of ſtudies, make him both willing and fit to ſearch out and diſcover j;,;;,7 


deep 
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Paysrcs, deep and unobvious truths. I have, with trouble, obſerv'd, that ; 
greater part of the libertines among us, being men of Pilate's humgy 

(who, when he had ſcornfully ask'd, what is truth? would not ſtay fo, 
anſwer) with great diſdain, decline the ſtudy of all truths that require, 
rious and ſettled application of mind. Theſe men are, for the moſt 
a ſort of ſuperficial and deſultory wits, who go no further than the gy 
ſide of things, without penetrating into the receſſes of them; and, he 
eaſily tir'd with contemplating one, paſs quickly to another, the conſy. 
ration whereof, they, with the ſame lightneſs, ' forſake. And upon ti 
account, among others, it is, that ſuch men, tho' often much applauy 
by others, becauſe the moſt are but ſuperficial, as well as they, almo, 
ſeldom make good philoſophers, as good chriſtians. For tho? all 
ſound arguments that may be brought to evince the truth of naturala 
reveaPd religion, be not abſtruſe; yet ſome of the principal, eſpecy 
thoſe that prove the exiſtence and ſpecial providence of God, and then 
mortality of the ſoul, are, if not of a metaphyſical, yet at leaſt of 20 
loſophical nature, and will ſcarce be clearly underſtood, and duly relif 
but by a perſon capable of, and accuſtom'd to attentive and prolong' di 
culations. Now a man addicted to proſecute diſcoveries of truths, 
only 'by ſerious meditation, but 'by intricate and laborious experimen 
will not eaſily be:deterr'd from effectually purſuing his end, by the toi 
difficulties that attend the clearing of thoſe notions, and matters of fit 
whereon ſolid arguments for natural or reveal'd religion are founded, 
remote ſoever thoſe truths may be from vulgar apprehenſions. In ſho, 
ſuperficial wit, ſuch as is frequently found in libertines, and often help 
make them ſuch, may be compared to an ordinary ſwimmer, woa 
reach but ſuch things as float᷑ upon the water; whilſt an experimental 
Joſopher, like a skilful diver, not only obtains thoſe things that lie mm 
the ſurface of the ſea, but makes his way to the very bottom of i; al 
thence fetches up pearls, corals, and other precious things, that, init 
depths, lie conceal'd from other men's ſight and reach. 
Experimental We have ſeen, then, that experimental philoſophy is, in its own mm 
philoſephy favourable to religion in general; it alſe greatly conduces to ſhew theti} I 
prac heat of the chriſtian religion, in particular. 
gion, in parti- This excellent religion is recommended to minds rightly diſpoſed, ! 
cular. great number of prerogatives, whereof I ſhall mention a few. 

1. And firſt, the three grand arguments that jointly evince the truti 
the chriſtian religion in general, are, in my opinion, the excellency of 
doctrine which makes it worthy to have proceeded from God; the "py 
mony of the divine miracles, wrought to recommend it; and the great 
fects, produced in the world by it. Two of theſe three arguments are d 
tom'd upon matters of fact, and, conſequently, are likely to be the m 
prevalent upon thoſe who have a great veneration for experience, and 
duly diſpoſed to frame ſuch pious reflections, as it warrants and leads c 
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Now an experimental philoſopher, who is maſter of others experience, Paysrcs. 


s well as of his own, and duly qualified to reflect upon both, will find 


rong motives to the belief of chriſtianity, in the two laſt of theſe argu- 7 4 7 


* ents of its truth, We muſt here obſerve, that the word experience may ns: 


2 
4 4 


Y 

o 
b 
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mit of ſeveral ſenſes, whereof one is far more comprehenlive than ano- 
er, and likewiſe of ſeveral diviſions and diſtributions; for, beſides its 
Wore reſtrained acceptation, it is ſometimes ſet in contra- diſtinction to 


-aſon, ſo as to comprehend not only thoſe phenomena that nature or art 
hibits to our outward ſenſes, but the things we perceive to paſs within 
urſelves, and all thoſe ways of information, whereby we attain any know- 


Hage that we do not owe to abſtracted reaſon. So that without ſtretching 
e word to its utmoſt extent, and to which it has been enlarg'd, it may 


> look'd upon as a very comprehenſive term, and fit to be branched in- 

parts. I ſhall therefore divide it into perſonal, hiſtorical, and ſuper- 

atural, or theological. | | 

I call that perſonal experience, which a man acquires immediately by Perſonal. 
mſelf, and which accrues to him by his own ſenſations, or the exerciſe of 

s faculties, without the intervention of any external teſtimony. *Tis by 

is experience we know, that the ſun is bright, fire hot, ſnow cold, and 

itez that, upon the want of aliment, we feel hunger ; that we hope 

future good; that we love what we judge good, and hate what we think 

il; and diſcern that there is a great difference between a triangle and a 

cle, and can diſtinguiſh them by it. NES 

By hiſtorical experience, I mean that, which tho' it were perſonal in H;/orica!. 
e other man, is but by his relation, or teſtimony, whether'immediately, 
mediately conveyed to us. Tis by this we know that there were ſuch 

n as Julius Ceſar, and William the conqueror, and that Zoſeph knew 

arach had a dream, which the. Egyptian wiſe-men could not expound. 


WE hcological experience is that by which we know.what (ſuppoling a di Aud 1beo/e- 


revelation) God is pleaſed to relate or declare concerning himſelf, his gal, or ſuper. 


outes, his actions, his will, or his purpoſes ; whether immediately, . 


We ſometimes did to Fob and Moſes, and conſtantly to our Saviour; or by 
intervention of angels, prophets, apoſtles, or inſpired perſons; as he 
to the Maelites, and the primitive chriſt ian church; and ſtill does to 


by thoſe written teſtimonies we call the ſcriptures. 


By perſonal experience we know that there are ſtars in the heavens; by 
torical experience we know that there was a new ſtar ſeen by Tycho, and 
er aſtronomers, in Caſſiopeia, in the year 1572 3 and by theological 


erience we know that the ſtars were made on the fourth day of the cre- 


da. .\ a | 
do not therefore here take experience in the ſtricteſt ſenſe of all, but 
a greater latitude, for the knowledge we have of any matter of fact; 
ich, without owing it to our reaſofling faculty, we Either acquire by 

immediate teſtimony of our own ſenſes and other faculties, or it ac- 
es to us by the communicated teſtimony of others. And even in com- 


acceptation, the word experience is not always meant of that which 
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Pays1cs. is immediate, but is often taken in a latitude. As when we ſay, expe. 
YN. rience teaches us, who, perhaps, were never out of England, that th 
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torrid zone is inhabited; and perſuades learned men, who had opportun 
to make nice aſtronomical obſervations, that ſtars may be generated, ay 
periſh; or, at leaſt, begin to appear, and then diſappear in the celeſtz 
region of the world. On this kind of hiſtorical experience, conſiſting 
the perſonal obſervations of Hippocrates, Galen, and other phy ſicians, tt? 
mitted to us, a great part of the practice of phylic is founded. And h! ing 
moſt rational phy ſicians take, as matters of fact, not only what other phy. | If. 
ſicians have left upon record, but many preſent things, which themſclyF 
can know but by the relation of their patients; as, that a man has a par; 
cular antipathy to ſuch a thing, which the doctor, perhaps, judges fit i 
him to uſe; or, that a woman with child, longs for this, or that dey. 
minate thing. And, phyſicians reduce theſe, and the like matters off 
to experience, as to one of the two columns of phyſic, diſtinguiſhed'frq 
reaſon. | 

Since, then, learned men, as well as cuſtom, confine not the applicaty 
of the word experience, to that which is perſonal,. but employ it ina 
greater latitude ; I ſee not, why that, which I call theological experiayÞ 
may not be admitted; ſince the revelations that God makes concerniy 
what he has done, or purpoſes to do, are but teſtimonies of things, na 
of them matters of fact, and all of them ſuch, as, (ſo far as they are men 
revelations) cannot be known by reaſoning, but by teſtimony ; whoſe ls 
ing divine, and relating to theological ſubjects, does not alter its nau 
tho? it give it a peculiar and ſuper-eminent authority. 

To apply this diſtribution of experience, to the matters of fact, thatr 
commend the credibility of the chriſtian religion, I ſhall. offer my thougis 
in two diſtinct propoſitions. | 


gt + © % 0 6 

We ought to believe ſeveral things upon the information of experience, 22 ec 
and immediate, which, without that information, we ſhould judge ui hat 
be credited; or, antecedently to it, actually judged contrary to reaſon. 8. 


This propoſition may be underſtood, either of perſons, or of things, i 
will hold true in both. ; 
And, firſt, as to perſons; if our own obſervation of what oc 


among mankind, does not ſatisfy us, that we are oblig'd, after ſuffi ence 1 


tryal, frequently to alter the opinions, which, upon probable reaſons," > fore 
had befote entertain'd, of the fidelity, prudence, juſtice, chaſtity, Ge. 0 | E „ b 
this or that perſon; we need only turn to the records of hiſtory, or app* atter, 
to the tribunals of judges. For, in both we find but too many inſtant; no 


and proofs from matters of fact, that perſons, look'd on, even by inte 8 Pu 

ent men, as honeſt, virtuous, and holy, have prov'd falſe, perfidious, "BW , - , 
oyal, unjuſt, ſacrilegious, perjur'd, &c. And, in the courts of juſtice, "Wy C y to 
find a great deal of time employ'd to detect not only civil tranſgreſ0 ae 


7 
Ty 
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thefts, cheats, forgery, falſe-witneſs, adultery, and the like, perpetra- Praysrcs. 
d by thoſe, who, betore they were throughly ſifted, paſs'd for honeſt 3 . 


t, even fins againſt nature; as, the murders of parents by their chil- 
en, and children by their parents, &c. Whence *tis plain, that we 
ght, upon the teſtimony of experience, to change the opinions we thought 
had rationally taken up of perſons. I now proceed to make good the 
opoſition, in the ſenſe I chiefly intended, which is, as it relates to 
ings. 

— did not inform and certify us, who would believe, that a little 
Sap of light, black grains of matter, ſhould be able to over - turn ſtone- walls, 
ov up whole caſtles and rocks themſelves, and do thoſe other ſtupendous 
ings, that we ſee actually perform'd by gun- powder, made uſe of in ordi- 
Ince, and in mines? Who would think, that two or three grains of opium, 
uld ſo ſtupify a large human body, as to force a ſleep; and often, even 
thout that, ſuſpend the ſharpeſt torments in the cholic, gout, and other 
Me moſt painful diſeaſes, in patients of quite different ages, ſexes, and con- 
Wutions 3 in whom allo the diſeaſes are produc'd by differing, or even 
contrary cauſes? Who would believe, that the poiſon adhering to 
tooth of a mad dog, tho*, perhaps, ſo little, as to be ſcarce diſcerni- 
by ſenſe, ſhould be able, after the Night hurt is quite healed, to conti- 
W in the warm, perſpirable body of the bitten perſon, not only for ſome 
s, or months, but, ſometimes, for very many years? And, after ha- 
Wc lurk'd all that while, without giving any trouble to the patient, 
tit ſhould, on a ſudden, pervert the whole ceconomy of his body, and 
duce a madneſs like that of the dog which bit him, diſcovering itſelf 
hat ſtrange and fatal ſymptom, an Hydrophobia ? 

But, beſides a multitude of inſtances that may be given of truths, which, 
it not for experience, we ſhould refuſe to believe; becauſe the ſmall 
eth of ſuch agents, ſeems altogether diſproportionate to the effects 
eed to them; many other inſtances might be alledg'd, wherein we 
mn, WF to experience, even when its informations ſeem contrary to reaſon, 
160 hat which, perhaps, we did actually, and, without ſcruple, take to 

fru 


E. 


ards the center of the earth; it ſeems very rational to believe, with 
generality of Philoſophers, that, in proportion as one body is more 
y than another, ſo it ſhall fall to the ground faſter than the other. 


193, 111 


oc 


uffca Pence it has been inferr'd, that of two homogeneous bodies, whereof 
cons, for example, weighs ten pounds, and the other but one pound; the 
21 er, being let fall from the ſame height, and at the ſame time with 


latter, will reach the ground ten times ſooner. 

ut, notwithſtanding this plauſible reaſoning, experience ſhews us, (and 
ve purpoſely try'd it) that bodies of very unequal weight, let fall 
ther, will reach the ground at the ſame time ; or ſo near it, that *tis 


eaſy to perceive any diff ; 
erate h — 34 any difference in the velocity of their deſcent, from a 


Ir app 
inſtan® 
y intel 
10uS, | 
1ſt1ce, 


zreſſi0 ; 


C 


Wince gravity is the principle, that determines falling bodies to move 


K k 2 | "Tis 
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252 = 
„ Tiis generally taken for granted, by naturaliſts, as well as others, g, 
5a ſtrong — —.— as they are heard much farther off, than a 1 N 
ſo if the ſonorous bod ies be equally diſtant from the ear, the very ſtr; < 
ſound will arrive much ſooner at it than the other; yet, by the exp, | 8 
ments of the moderns about the velocity of founds, (in making many i» n 
which I have endeavour'd at accuracy) it appears, that weaker ſound; a] e 
(at leaſt as to ſenſe) tranſmitted thro? the air as ſwiftly as the ſtrongy a” 
And indeed *tis often obſerv*d, that when cannons and muskets are di * 
charg'd together, the reports of both arrive together at the ear. 1 
It ſeems irrational to conceive, that a ſmaller and weaker load une 
ſhould draw away a piece of ſteel from a larger and ſtronger ; yet ma 
perience (and that of others) proves, that in ſome caſes this paradox, 
truth. | 3 
It has generally, by philoſophers, as well as other men, been loi: * 
upon as manifeſt, and agreeable to reaſon, that cold condenſes water, nf exp 
or leſs, according to its degree; and, conſequently, that ice is water fo 
duced into a leſs bulk. But *tis plain, by experiments carefully mt For 
that water is, by glaciation, rather expanded, or at leaſt that ice taa on « 
more room than the water did before it was congeaPd. And of this te 
of inſtances it were eaſy to add a vaſt number. dat is 
And to extend the force of our arguments to that experience which timo 
not immediate, or perſonally our own, but communicated by others, jn ſt, ac 
vided it be competently atteſted, and duly convey'd to us; there wil ther 
but a little reflection on what is judg'd reaſonable, and freely practise Mt, v 
philoſophers themſelves. For how many concluſions have the modem , cc 
turaliſts admitted, tho' abſtract reaſoning never led men to make H d to 


and even while plauſible arguments, and the notions and axioms 0 erna 
moſt generally receiv*d philoſophy, were contrary to them? Thus, t 
in the heavens there ſhould be generations and corruptions, was not Fl 
unobſerv'd before the time of Ariſtotle, but is contradicted by his 


ce, 
ments; yet I, with many others, have ſeen great ſpots (perhaps 02} Mie { 

a than Europe) generated and diſſipated on or near the ſurface of thi} im. 
and ſeveral of the modern philoſophers and aſtronomers, having neui But: 
held any of theſe, muſt take the phenomena upon the credit of tho ter 
have obſerv*d them. And much more muſt they do ſo, who, in ſpi it his 
the vulgar philoſophy, which made all comets ſublunary, believe th) mmen 
celeſtial bodies. For that they appear above the concave of the m aſſent 


orb, we credit upon the affirmation of thoſe who obſerv*d them ; i 
very few have done themſelves. And the height of the famous comet l 
diſappearing ſtar, in Caſſiopeia, in the year 1572, whereon ſo much 6 , 
is laid by our philoſophers and mathematicians, is admitted and vl 
chiefly from the opinion they have, not only of Tycho's veracity, bi 
skill in obſerving the motions and phenomena of that celeſtial ligt, 
_ particularly its having no parallax. 


The Chriſtian Virtuſs. +" 1+ | 2 


In ſhort, the great architect of experimental hiſtory, Sir Francis Bacon, Pays cs. 
hen he divides it but into three parts, aſſigns the ſecond of them to what 
e calls preter-generations z ſuch as monſters, prodigies, and other things; 
hich being, as to us, but caſualties, all thoſe that happen'd in other times 
d places than we have lived in, we muſt take upon the credit of others. 
nd: yet theſe mediate experiments, by ſuggeſting new inſtances of na- 
re's power, and uncommon ways of working, and by overthrowing or 
. Mmicing received rules and traditions, afford us a conſiderable and inſtru- 
se part of natural hiſtory, without which, it would not be either ſo 
— bund, or ſo compleat. 
11 


1 
* 


„ . 
= 


1 2 as * 2 — MM vw 


1 NO P. . 
2 ought to have a great and particular regard to thoſe things that are re- 
| commended to our belief, by what we have reduced to real, tho* ſupernatural 
experience, | 


. + 
n * 

7 

7 


* 


For, 1. Tis manifeſt, that the moſt rational men ſcruple not to believe, 
don competent teſtimony, many things, whoſe truth did no way appear 
them, by conſidering the nature of the things themſelves; nay, tho' 
bat is thus believ'd upon teſtimony, be ſo ſtrange, and, ſetting aſide that 
Wſtimony, would ſeem ſo irrational, that antecedently to it, the things, at 
ſt, admitted as truths, were actually rejected as errors, or judg'd alto- 
cher unfit to be believ*d. And the points wherein experience over-rules 
at, which, before it happen'd, was judg'd to be moſt agreeable to rea- 
„ concern things merely natural, or civil, whereof human reaſon is 
d to be a proper judge; whereas many of the points recommended by 
pernatural experience, concern things of a ſuperior order, many of which 
not to be adequately eſtimated by the ſame rules with things merely 
ot 00 x poreal or civil, and ſome of which, as the eſſence and manner of ex- 
ce, and ſome peculiar attributes of the infinite God, involve or re- 
; ork ee ſuch a knowledge of what is infinite, as vaſtly exceeds the reach of 
then limited underſtanding, | N 


eau But this is not all: for, 2. As' tis with juſtice generally granted, that the 
of: rter qualified a witneſs is, in the capacity of a witneſs, the ſtronger aſ- 
ſpit: it his teſtimony deſerves; ſo we ought, of all the things that can be re- 


the nmended to us by teſtimony, to receive thoſe with the higheſt degree 
e my aſſent, that are taught us by God, thro? the means of thoſe perſons 
 ; o appear to have been commiſſioned by him to declare his mind to men. 


ome dr the two grand requiſites of a witneſs, being the knowledge he has of 
uch e things he delivers, and his faithfulneſs in truly delivering what he 
ad os all human teſtimony muſt, on theſe accounts, be inferior to di- 

buß e teſtimony: ſince the latter is warranted both by the veracity of God, 


. d by his boundleſs knowledge ; which makes it as impoſlible he ſhould 
: : deceiv*d himſelf, as the other does, that he ſhould deceive us. And, 
Faauſe that, for the delivery of divine teſtimony, it has often pleas'd God, 
ho is a moſt free, as well as a moſt wiſe agent, to make uſe of unpro- 

I 1 miſing 


77 
light, | 
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Px vys1cs. miſing perſons as his inſtruments ; I ſhall not altogether overlook this ci 
WWYRL cumfſtance, that an experimental philoſopher ſo often increaſes his kngy. 
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ledge of natural things, by what he learns from the obſervations and pn. ecco 
Etices, even of mean, and, perhaps, of illiterate perſons, becauſe they y 
converſant with the works of nature; that he is not only willing tos 
mit, but often curious to ſeek for informations from them: and there: »WENa: 
he is not likely to ſhew much reluctance in receiving the doctrines of rey... 
ed religion, ſuch as Chriſtianity, if the teachers of it were honeſt me, 
and had opportunity to know the truth of the things they deliver; thy 
they were of ſome mean profeſſion. N 

And, indeed, ſuch a perſon as our virtuoſo, will, with great willingne; 
exerciſe himſelf in peruſing, with attention, and much regard, the writig 
of theapoſtles,evangeliſts,andancient prophets; notwithſtanding any mem 
neſs of their firſt condition, or of their ſecular employments. And here, h 
will not only readily ſuffer himſelf to be inſtructed in the grand and ger. 
ral articles of religion, which, becauſe of their neceſſity, or very g 
uſefulneſs, are to be met with in many places, and in variety of expreſſion 


by honeſt and duly-difpoſed readers; but he will, inſtead of diſdainiy q ve 


ſuch tutors, both expect, and carefully ſtrive, to improve his knowledy 
of divine things in general, even by thoſe hints, and incidental paſſigt 
that a careleſs-or ordinaryreader would overlook, or not expect any thing 
from. For, as the fertility of the ſcriptures is not uſually enough diſcerne 
by vulgar readers, when the ſacred writers tranſiently touch upon a gret 
many ſubjects, that they do nor expreſly handle; ſo, the docility we hf 
aſcribed to our virtuoſo, will make him repoſe a great deal of truſt int 
teſtimony of inſpired Perſons, ſuch as Chriſt and his apoſtles, about thing 
of all ſorts, whether uſually taken notice of, or not, that relate to obje& 
a ſupernatural order; eſpecially if among theſe, God himſelf, and hispr 
Poſes be comprized : ſince ſeveral of thoſe things are not knowable nit 
out revelation, and others are beſt known by it. And to be allowꝰ'd to gron 


a belief about ſuch things, on the relations and other teſtimonies of tid: | 1 
that were eye · witneſſes and miniſters” of the things they ſpeak of, vil © 
by our virtuoſo, be juſtly reputed ſuch an advantage, in order to the no . 


ledge of things divine; as the conſulting with navigators and traveller Mie fi 
America, is, to a perſon curious to learn the ſtate of that new world. I 
an ordinary ſea- man or traveller, who had the opportunity, with Columns 
to ſail along the ſeveral coaſts of it, and paſs up and down thorough it! cha 
country, was able at his return to inform men of a hundred things, ti 
they would never have learn'd by Ariſtotle's philoſophy, or Ptolemy's ger 


graphy; and might not only acquaint them with many particulars, ag'* ly me 
able to the opinions which their receiv'd phyſics and coſmography !u7| WMWWMirac 
geſted, but alſo rectify ſeveral erroneous preſumptions and miſtakes, which eral, 

till then, they thought very agreeable to the dictates of thoſe ſciences, n ive t 
to reaſon. And as one, who had a candid and knowing friend, intim duces 


with Columbus, might better rely on his informations about many partie 


lars of the natural hiſtory of thoſe parts, than on thoſe of a * 
choor 


(= 
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Cccounts given us of divine things, by the apoſtles, and conſtant attendants 
him who lay in the boſom of God his father,“ and commiſſion'd them 
= declare to the world the whole counſel of God,“ as far as *twas ne- 
&fary for man to know. ; | 
Fuller trials are allow'd, among ingenious men, to rectify the informas 
Mons of the more imperfect ones; and therefore I ſhall add, that, tho? the 
nate notions and ſentiments, which nature gives us of the attributes and 
ind of God, be highly to be prized ; yet the informations that theologi- 
experience affords: of thoſe abſtruſe things, is far more excellent and 
mpleat. 
1 = dwelt the longer upon the miracles that may be pleaded to recom- 
Hund the chriſtian religion, becauſe I thought, that an argument grounded 
them is little leſs than abſolutely neceſſary, to prove that any religion 
n believe to be ſupernaturally reveal'd, really proceeds from God. 


2 
9 


Li . 
> 
8 
_— * 44 
1 3 
43% 


tives, may juſtly perſuade me, that *tisworthy and likely to be given by 
WO; yet that, in fe 

Pelation, I can ſcarce be ſufficiently aſcertained, but by the miracles 
Wought by Chriſt and his diſciples, to evince, that the doctrine they 
Meach'd, as commiſſion'd by God to do ſo, was indeed his; being, as 
Eh, own'd by him. But theſe miracles having been wrought in the firſt 


mmediate obſervation, but muſt take them upon the credit of hiſtorical 
erience, which is afforded us by the duly tranſmitted teſtimony of thoſe, 
d were themſelves eye-witneſles of the things they relate. And ſince we 
plc not to believe ſuch ſtrange prodigies, as celeſtial comets, vaniſhing 
ag <-appearing ſtars, iſlands founded by ſubterraneal fires in the ſea, 
arkneſs of the ſun for many months together, earthquakes reaching 
152 2 a thouſand miles in length, and the like amazing irregularities of 
, upon the credit of human hiſtories; I ſee not, why that hiſtorical 
ience ſhould not more be truſted, which has many peculiar and con- 
ent Circumſtances to confirm it; and particularly the death that moſt 
he firſt promulgators chearfully ſuffer'd to atteſt the truth of it; and 


piv*d chiefly upon their account. To which things, ſome perhaps would 
, that *tis leſs incredible, that the author of nature ſhould, for moſt 
ghty purpoſes, make ſtupendous alterations of the courſe of nature; 
that nature herſelf, for no ſuch end, ſhould, by ſuch prodigies, as were 
ly mention'd, throw herſelf, as it were, out of her own courſe. 
racles being ſo neceſſary to the eſtabliſhment of reveal'd religion in 
eral, it may be look'd upon as a farther diſpoſition in our virtuoſo to 
we the chriſtian religion, that the philoſophy he cultivates, much 
auces to enable him to judge aright of thoſe ſtrange things, that are by. 
y Propoſed as miracles, and believed to be ſo. 1 
or 


WF or, tho? the excellency of the chriſtian doctrine, and other concurrent 


this doctrine comes from him by way of ſupernatural 


s of the church; we can have no knowledge of them by our own ſenſes, 


ſucceſs and ſpreading of the doctrine authorized by thoſe miracles, and 


2535 


N I hool- philoſophers, who knew only what they learned from Ariſtotle, Pliny, Pavys1cs. 
lan, and the like ancient naturaliſts z. much more may we rely on the. 


CS. | 
{yp tions of ſome natural things, eſpecially when they are skilfully improv 
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For, firſt, the knowledge he has of the various and wonderful oper. 


and dextrouſly apply*d by art, particularly in mathematics, mechanic 
and chymiſtry, will qualify him to diſtinguiſh between things that are onl 
ſtrange and ſurprizing, and thoſe that are truly miraculous : ſo thath 
will not miſtake the effects of natural magic for thoſe of a divine pong 
And by this means he will be able to diſcover the ſubtile cheats, and coll, 
ſions of impoſtors, whereby not only the multitude of all religions, eſpe. 
cially the heathen, but even learned men of moſt others, for want of anj. 
ſight into real philoſophy, have formerly been, or are at this day, den 
ded, and drawn into idolatrous, ſuperſtitious, or otherwiſe crroneous;, 
nets, or practices. | | 
On the other ſide, the knowledge our virtuoſo may have of what cany 
be juſtly expected or pretended from the mechanical powers of matt 
will enable him to diſcern that many things are not producible by ther 
without the intervention of an intelligent ſuperior power; on which 
count he will frankly acknowledge, and heartily believe ſeveral effech 
be truly miraculous, that may be plauſibly enough aſcribed to other cy; 
in the vulgar philoſophy ; where men are taught to attribute ſtupendy 
and unaccountable effects to ſympathy, antipathy, Fuga vacui, ſubſtan 
forms, and, eſpecially, to a certain Being, preſumed to be almoſt it 
nitely potent and wiſe, which they call nature: for this is repreſented; 
kind of goddeſs, whoſe power may be little leſs than boundleſs. Thu, 
remember Galen himſelf compares it to that of God, and faith, that 
could not do ſuch a thing, becauſe nature could not; and cenſures lj 
for ſpeaking as if he were of another mind. 
I know it may be objected, that thoſe who are ſo well acquainted ni 
the myſteries of nature, and her various and ſtrange ways of working} | 
as our virtuoſo is ſuppoſed to be, may, by that knowledge, be fi, 
tempted to think, that thoſe ſurprizing things other men call mints, 
are but effects of her power, the extent of which is not eaſily diſcemdo tio 
ordinary men, nor fafely defined by philoſophers themſelves. Tot} Y 
ſhall only here reply, that to make it reaſonable to judge a particular f 
formance ſupernatural, it is not at all neceſſary that it ſurpaſs the vis 
power of nature, that is, of phyſical agents, provided it ſurpak b 
wer of that cauſe, or that complex of cauſes, from which the effect | | 


in reaſon, if it be purely natural, or phy ſical, be ſuppoſed to have f 
ceeded. For inſtance, that a fiſherman or two ſhould ſpeak other lang! 
ges than their own, does not at all exceed the power of nature, if tix 
_ employ*'d à competent time in learning them: but, that a great numb! 1 
fiſhermen, and other illiterate perſons, ſhould, all on a ſudden, bect 


linguiſts, and, in an hour's time, be able to ſpeak inte}ligibly to a f > im 
number and variety of nations, in their reſpective languages, as i} tion a 
teſtament relates, that the apoſtles, and their companions, did on thes Pace 
of pentecolt ; this gift of tongues, I fay,' was an ability which in 0 on thi 
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| be concluded to have been ſupernatural, or miraculous, 

% 1 proceed; *tis a notorious — of fact, that, in leſs than half an 
.., the chriſtian religion was ſpread over a great part of the then known 
:1d ; ſo that in a few years after it began to be preach'd, the apoſtle of 
Ne Gentiles could tell the Romans, with joy, ** that their faith was ſpoken 
of throughout the whole world.” And in the ſecond century Tertul- 
, and other famous writers, ſhew, that the goſpel had already numerous 
Woſclytes in a great number of different kingdoms and provinces. This 


Wonderful quick progreſs of the chriſtian religion being aſcertain*d to our 


tuoſo, from a thing whereby he is ſo much ſway'd, as experience; it 
Wcatly diſpoſes him to believe the truth of ſo prevalent a religion. For 
Wc conſiders the perſons who firſt promulgated it, they were but half a 
Src of illiterate fiſhermen, a few tent-makers, and other tradeſmen. If 
Io conſiders the means employ'd to propagate this doctrine, he finds, that 
ey had neither arms, nor external power, to compel men to receive it; 
r riches, honours, or preferments, to bribe or allure them to it; nor 
re they men of philoſophical ſubtilty, to intrap or entangle the minds 
their auditors: nor did they make uſe of the pompous ornaments of 
toric, and gloſſes of oratory, to inveigle, or entice men; but treated 
the moſt ſublime and abſtruſe matters in a moſt plain and unaffected 
ple, as became lovers and teachers of truth. If he conſiders the nature 
the doctrine that in a little time obtain'd ſo many proſelytes, he will 
d, that, inſtead of being ſuited to the natural apprehenſions, or the re- 
d opinions of men, and inſtead of gratifying their corrupt affections, 
complying with ſo much as their moſt innocent intereſts; it preſcribed 
mortifications, and ſuch great ſtrictneſs of life, and high degrees of 
ee, as no legiſlator had ever dar*d to impoſe upon his ſubjects, nor 
*&- philoſopher on his diſciples. And this doctrine was propoſed in ſuch 
a0 y, and was accompany*d with predictions of ſuch hardſhips and per- 
ons, that ſhould, in thoſe times, be the portion of its fincere pro- 
rs; as if the law-giver had deſign'd rather to fright men from his 
rine; than allure them to it: ſince they could not believe what he ſaid, 
| foretold, to be true, without believing that they ſhould be made 
at ſufferers by that belief. If our virtuoſo conſiders the oppoſition 
de to the progreſs of the goſpel, he will find cauſe to wonder that it 
Id ever be ſurmounted. For the heathens, which made by far the 
ateſt part of the world, were deeply engaged in polytheiſm, idolatry, 
gical rites, and ſuperſtitions, and almoſt all kind of crimes; and ſome 
theſe were ſhameleſs debaucheries, which oftentimes made a part of 
ir worſhip. And the Jews, by the corrupt leaven of the phariſees, 
- impious errors of the ſadduces, and the general miſtakes of the 


tion about the perſon, office, and kingdom of the Meſſias; and by their 
tage upon their vain traditions, and numerous ſuperſtitions, grounded 


PP" them, were, on theſe and other accounts, highly indiſpoſed, as well 


tne Romans, 


Vol. II the two nations to be converted, to be made proſelytes: 


LI eſpecially 


rcumſtances of place, time, and perſons, wherein *twas exerciſed, may Pays1cs. 
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Physics. eſpecially when they could not own themſelves tobe ſuch, without expo; 4 the! 
LWYAL their perſons to be hated and deſpiſed ; their poſſeſſions to be confiſcate! A df th 


their bodies to be impriſon'd and tormented z and oftentimes their live; 
be, in an ignominious and cruel manner, deſtroy'd. And, whilſt the, 
cular magiſtrates made them ſuffer all theſe hardſhips, the venerag 
prieſts, the ſubtile philoſophers, and the eloquent orators, perſuaded, 
world, that they deſerv'd yet more than they endured ; and employ, 
their learning and wit to make the religion odious and ridiculous, as welly 
the embracers of it miſerable : accuſing the martyrs, and other chriſtian 
of no leſs than atheiſm, inceſt, and the inhuman ſhedding and Arinkiy 
the innocent blood of infants. Theſe, and the like matters of fact, v 
our virtuoſo reflects on, and conſiders by what unpromiſing means fie 
ſeemingly inſurmountable difficulties were conquer'd; he cannot, h 
this hiltorical experience, be inclined to think, that effects, ſo diſpropy; 
tionate to the viſible means, could be brought to paſs, without the pe 
liar aſſiſlance, and extraordinary bleſſing of God; by whom thoſe ſuce;,, i - 3 
ful preachers averr'd themſelves to be commiſſioned. For, that the v4 WM << 
pernatural help which the chriſtian doctrine appears to have had, was d 
vine, not diabolical, will ſeem evident to our virtuoſo, from the natu, 
tendency, and effects of the doctrine itſelf; which expreſly teacheth, ti 
there is but one God; that he alone is to be worſhipped, and not id; 
nor any of the heathen demons, or deities ; that the devils are wick 
apoſtate, malicious, and miſerable creatures, hated of God, and who a 
tremely hate mankind; and that thoſe vices, as well as rites of wor] 
eſtabliſhed by them in the world, were abominable to God, and would, 4 
by degrees, deſtroy*'d by him: as, in effect, they ſoon began to be inn 
ny places of the world, where the worſhippers of Chriſt caſt the devi 
of his temples, out of mens veneration, and, oftentimes, out of their bodic | po 
One circumſtance there is of the propagation of the goſpel, which ien 
it may ſeem more extrinſecal than thoſe hitherto mention'd, is yet too u 


ſiderable to be here omitted; I mean, that the quick ſpreading, andi: g; 
ceſs of the chriſtian doctrine in the world, was foretold both by the jv! of 
phets of the old teſtament, and the author and promulgators of the nv, s, 
For, it being notorious, that many errors and ſuperſtitions, have, wit not! 
much celerity, been ſpread far and wide in the world; either by rep ptior 
mere accidents, that were very favourable to them, or by the induſtry al atior 
artifices of men; it ought to be no ſmall ſatisfaction to equitable jus Wiſe ſol; 
that the ſudden progreſs, and notable effects of the chriſtian religia v wo! 
were foretold by the ancient prophets, and by the Meſſias and his apo Punt 
For, by theſe accompliſh'd predictions, - it may appear, that the won: incl 
ful ſucceſs of the goſpel was not an effect of chance, but was, long be, 
determin*d by divine providence, to be accompliſh*d in a wonderful ot} , for 
ner, by his peculiar aſſiſtance. narro 
But true prophecies of unlikely events, fulfill'd by unlikely means, A Philo 
ſupernatural things; and, as ſuch, may properly be reckon'd among f 


racles. We might add, that theſe have a peculiar advantage above 1 
o 
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ter miracles, on the account-of their duration: ſince the manifeſt proofs Puvsics. 
WS the predictions continue ſtil], and are as viſible as the extent of the chri- aa WS, 
ian religion; and ſome of them are ſtill more and more accompliſh'd, 
che converſions made of multitudes of infidels, in ſeveral vaſt regions of 


erica, So that if we may call ſome tranſient miracles, ſuch as the turning 


ter into wine, ata marriage-feaſt in Galilee ; and the darkening of the ſun 


en the moon was in the full, at the crucifixion of Chriſt ; accompliſh'd 


9 


edictions may be ſty led permanent ones; and their difference may ap- 
Har by the differing ſtates of the Moſaic manna : for, tho' both that which 
l daily (except on the ſabbath ) in the wilderneſs, and that which was 
d up in a pot before the teſtimony, were ſupernatural productions; yet, 
d a portion of the former out-laſted not two or three days; that kept 
the pot, was preſery*d for many ages, and continu'd to be (as it was 
etold it ſhould ) a viſible miracle. 
geſides, the preachers of the chriſtian religion, both pretended and ap- 
I'd to miracles, as proofs of the truth of their doctrine: and if we 
nder the great diſadvantages they lay under, and the powerful oppoſi- 
of all ſorts, that they met with and ſurmounted; it cannot reaſonably 
thought, that ſuch unlikely men ſhould ſo ſucceſsfully preach ſo unin- 
ing a doctrine, unleſs it were confirm'd by conſpicuous miracles. Or, 
eaſt, if ſo uneaſy and perſecuted a religion, was propagated without 
Wiracles, that propagation itſelf may juſtly paſs for a miracle; and be no 
fit than another, to confirm the religion ſo admirably propagated. 


MT hus, I think, I have ſhewn, that a virtuoſo has ſome helps, which 


er men, generally ſpeaking, want, to make him judiciouſly approve 
arguments for the truth of the chriſtian religion, grounded on the mi- 
es wrought in its favour, and the wonderful ſucceſs of it in the world, 

becauſe a reveal'd religion, how true ſoever, can ſcarce be proved 


ey moral demonſtrations; and becauſe it is not, therefore, always 


cnt, that the arguments be good in their kind; but there are ſome 
ccations requir'd in the minds of thoſe who are to be convinc'd b 

I ſhall now add, that experimental philoſophy alſo diſpoſes the 
of its cultivator to receive due impreſſions from ſuch proofs, as mi- 

„as well as other topics, afford the chriſtian religion. 

nother thing, then, that qualifies an experimental philoſopher, for the 
tion of reveal'd religion, is, the habit of endeavouring togive clear ex- 
ations of the phenomena of nature, and to diſcover the weakneſs of 
e ſolutions which ſuperficial wits uſually make and acquieſce in, inſen- 
y works in him a great and ingenuous modeſty of mind. And, on 
punt of this intellectual, as well as moral virtue, he will not only be 
| inclinable, both to deſire and admit further information, about things 
h he perceives to be dark, or abſtruſe ; but he will be very unapt to 
for the adequate ſtandard of truth, a thing ſo imperſectly inform'd, 
narrowly limited, as his mere, or abſtracted reaſon. And tho? a vul- 
philoſopher, who allows himſelf to refer the obſcureſt things in na- 
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 Pavsrcs. ture, to ſubſtantial forms, real qualities, ſympathy, antipathy, 6g 
CHVYNRL which need not, and perhaps cannot be clearly underſtood ; and there 
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preſumes that he underſtands every thing, and that thoſe things muſt, iſ 
falſe, or impoſſible, which agree not with his philoſophy 3. yet a ſober Ml 
experienc'd naturaliſt, who knows what difficulties remain unſurmoyy:: 
in the conception and explanations even of things corporeal, will not, 
a lazy or arrogant preſumption that his knowledge about things ſupem 
rural is already ſufficient, be induced to reject or to neglect any intorn, 
tion that may increaſe it. G 

And this frame of mind is a very happy one for a ſtudent in rey! 
religion, where cautiouſneſs is not more neceſſary for the avoiding of 
rors, than docility is advantageous in learning of truth; ſince the kny, 
ledge and goodneſs of the divine teacher is ſuch, that.a ſcholar, to impe: il 
his intellect, needs but bring a mind fitted to receive the genuine inform} Ch a 
tions that are moſt liberally offer*d, and will never deceive him who! 
ploys a due care not to miſtake the meaning of them.. 

A well-cultivated converſation with the works of God, brings a ma 
diſcover, from time to time, fo many things to be feaſible, or true, whit 
whilſt he argued but upon the ſhallow grounds of uninform'd reaſon, 1 
judg'd falſe, or unpracticable; that by degrees he acquires a habit of- 
ceiving ſome ſorts of opinions, and eſpecially thoſe that ſeem unfavouri'ſ 3 
to religion, with a diſpoſition to reform or diſcard them, upon further: 
formation. And this, as he is reſolv'd to ſubmit to, in caſe he meets: 
it, ſo he is diſpos'd to receive it, by having often found himſelf obly 
upon ſubſequent information, to mend, or lay aſide his former opinia 
tho? very agreeable to the beſt light he had to judge by when he enters 
them. Thus, tho? it ſeems a viſible truth that the diſc of Venus is, hi 
reſpects to the ſun, totally luminous; yet, when the teleſcope dict 
her to have her full and her wane, like the moon, he will believe to. 
ther obſervation, againſt the firſt, made with his naked eyes. 

And, indeed, I have ſometimes doubted, whether to be vers'd un 
thematics, and other demonſtrative parts of philoſophy, brings a gr! 
advantage to the mind, by accuſtoming and aſſiſting it ſtrictly to exit: e 


things propoſed for truths, and ſtrongly to evince the truths a man knw f 
to others; than by fitting him to diſcern the force of a good argument,” 

ſubmit willingly to truths clearly proved, how little ſoever he mays phy ic 
expected to find ſuch concluſions true. *Twill not be difficult to t ght t. 
theſe reflections to our preſent purpoſe, ſince there are ſeveral paſlig*} Wit that 
the ſcripture that ſufficiently declare, both that multitudes perſiſt ina} 

minal infidelity, out of a fond conceit of their own knowledge, and a g be, 3 
neſs to be ſway*'d rather by ſtrong prejudices, than by the ſtrongeſt a1 0 hat ha: 
ments that would remove them; and that docility is a very happy 9%} Wc cong 
tion to the entertainment of reveald religion. And this qualification vi as to 


the more eaſily found in our virtuoſo, becauſe tho? the things about wi 


he has long been ſenſible of his ignorance, or defires further inſtruct, 
| wit 
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thin the ſphere of nature, and the juriſdiction of philoſophy ; many of Pays1es. 
Nee things which reveal'd religion declares, are ſo ſublime and abſtruſe, tat 
* ey may well be look'd upon as of an higher order than merely phyſical 

3 nes, and therefore cannot be ſatisfactorily reach*d by the mere light of 
ture. *Tis true, our philoſopher will examine more ſtrictly than ordi- 

ry men, the proofs brought for this or that propoſed revelation ; but 
iat is no diſadvantage to a ſupernatural religion, ſuch as the chriſtian, if 
3 be true: and the real truth about religion itſelf does not require credu- 
cy, but only docility. If a piece of coin, that paſſes for true gold, be 
ger'd to an ordinary man, and to a skilful refiner, the latter will indeed 
amine it more ſtrictly, and not acquieſce in the ſtamp, the colour, the 
ound, and other obvious marks, that may ſatisfy a ſhop-keeper, or a 
Wcrchant; yet, when he has try'd it by the ſeverer ways of examining,” 
Ich as the touch-ſtone, the cupel, Agua fortis, &c. and finds it to hold 
odd in thoſe proofs, he will readily and frankly acknowledge that tis 
oe gold, and be more thoroughly convinc'd of it than the other perſon; 
hole want of skill will make him till apt to retain a diſtruſt, and render 
m, indeed, more eaſy to be perſuaded, but more difficult to be fully ſa- 
fy'd. Thus, tho? our virtuoſo will examine with more ſtrictneſs and 
ill than ordinary men are able, miracles, prophecies, or other proofs, . 
id to be ſupernatural, that are alledg'd to evince a reveaPd religion; yet 
the certain and genuine characters of truth appear in them, he will be 
ore thoroughly convinc'd of it, than a leſs skilful man, whoſe want of 
dod criteria, and ſound judgment, incline him to be diffident, and to be 
Il afraid of having been impoſed on. | 
WF 1 expect it will be here objected, . that I degrade the human underſtand- 
. by aſcribing ſo much to experience, natural or ſupernatural, that it 
3 left nothing for reaſon to do, but ſervilely to obey. 
his objection, indeed, is plauſible; yet the anſwer to it will not be 
9 y difficult, if the matter itſelf be duly conſider'd, and reaſon be brought 

ec, not as an intereſted party, but an unbyaſs'd judge. 


For we have already ſhewn, that rational philoſophers ſcruple not to 
er or renounce the opinions which ſpecious reaſons had ſuggeſted to 
- em, when once they either find thoſe opinions contradicted by expe- 
j f 3 meet with other opinions more conformable to it. And Ariſtotle 
1 — , = he be accuſed of having wreſted phyſics to logical and me- 
1") Pb y ical fancies, confeſſes, not only that in the ſcience of nature, reaſon. 
aff ght to comport with the phenomena, and the phenomena with reaſon; - 
9 t that to adhere to plauſible reaſonings, and neglect ſenſible obſerva- C 


ons, is a weakneſs or diſeaſe of the mind. And whether the underſtand- 
g be, as Ariſtolle taught, like blank paper, and receives no knowledge but 
hat has been convey'd to it thro? the ſenſes; or whether the notions 
e congenite with the underſtanding, or fo eaſily and early acquired by 
as do appear innate; they are but very few, in compariſon of thoſe 
at are requiſite to judge aright about any one thing, that occurs either 
in 
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ſo ſhallow and deceitful, that he who ſeeks for knowledge only wit 
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philoſophy, or theology. For, in the divine nature, power. 
wiſdom, and other attributes, there is an exuberance that has produce 
numberleſs contrivances, laws, and other things, whichexceedingly ſurpa; 
both the number and variety that the dim and limited intellect of man coy} 
reach to, by framing, and compounding ideas, without the aſſiſtance q 
the patterns afforded by the works and declarations of God. | 

On account of the ſame prerogative of the divine knowledge, it mut 
frequently happen, that the notions and opinions men take up of the wor!; 
and mind of God, upon the mere ſuggeſtions of abſtract reaſon ; will n 
only be almoſt conſtantly very deficient, but often very erroneous, 0 
this we ſee evident proots in many opinions of the old philoſophers ; wh, 
tho? men of ſtrong natural parts, were miſ-led, by what they miſtog; 
for reaſon, to maintain ſuch things about the works, and the author g 
nature, as we, who, by the favour of experience and revelation, ſtand 
a much clearer light, know to be falſe, and often juſtly think utterly e 
travagant. 

Abſtract reaſon is a narrow thing, and reaches but to a very ſmall ſhi 
of the knowable truths, whether human or divine; which may be obtain 
by the help of further experience, and ſupernatural revelation. Thi 
reaſon, furniſh*d with no other notices than it can ſupply itſelf with, | 


himſelf, ſhall be ſure to be quite ignorant of far the greateſt par « 
things; and will ſcarce eſcape being miſtaken about a large part of thi; 
he thinks he knows, 

I am far from intending to deny reaſon any of its juſt prerogativs; 
experience itſelf is but an aſſiſtant to reaſon, and ſupplies informations 
the underſtanding ; which ſtill remains the judge, and has the power, u 
right, to examine, and make uſe of the teſtimonies that are preſented 
it. The outward ſenſes are but the inſtruments of the ſoul, which te 
by the intervention of the ear, and in reſpect of which, the eye its 
but a more immediate optical tube; and the ſenſe does but perceived 
jects, not judge of them. Nor do the more wary among the philoſopber 
truſt their eye, to teach them the nature of the viſible object; but only en 
ploy it to perceive the phenomena it exhibits, and the changes that hape 
to itſelf by the action of it. Tis confeſs'd too, that the ſenſes may & 
ceive us, if the requiſites of ſenſation be wanting; as, when a {quit 
tower appears round at a diſtance, and a ſtrait ſtick, half in the war? 
appears crooked: *tis, therefore, the part of reaſon, not ſenſe, to jug ? 
whether none of the requiſites of ſenſation be wanting; which, by k 
way, often requires, not only reaſon, but philoſophy : and then, allo, “ 
the part of reaſon to judge what concluſions may, and what cannot, & 
ſafely grounded on the informations of the ſenſes, and the teſtimony 0 
experience. So that, when we ſay, experience corrects reaſon, *tisan it. 
proper way of ſpeaking ; ſince *tis reaſon itſelf, that, upon the informat 
of experience, corrects the judgment it had made before. 
| 2 


Ti 
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To illuſtrate the uſe of reaſon, let us ſuppoſe an able judge coming to Physics. 
Near, and decide cauſes, in a ſtrange country : 'tis plain, that the general LFYAL 
Wocions he brings with him, and the dictates of juſtice and equity, can give 
m but a very ſhort and imperfect knowledge of many things, that are 
Wquilite to frame a right judgment about the caſes which will firſt be 
Wrought before him; and, 'till he has heard the witneſſes, he may be very 
pt to fall into prejudiced opinions of things: but, when an authentic 
d ſufficient teſtimony has clear*d matters to him, he then pronounces, 
cording to the light of reaſon he is maſter of; to which the witneſſes did 
it give information; tho? that ſubſequent information may have obliged 
m to lay aſide ſome prejudices he had entertain'd before he receiv'd it. 
d, what is ſaid of natural experience, with regard to the underſtanding, 
Ly, with due alteration, be apply'd to ſupernatural revelation: for here, 
o, the underſtanding is to examine, whether the teſtimony be indeed di- 
e; and whether a divine teſtimony ought to be believ'd, in what it 
arly teaches. I do not, therefore, degrade reaſon from the dignity that 
ongs to it, of perceiving, and judging; tho! it be obliged, by its own 
ates, to take in all the aſſiſtance it can from experience, whether na- 
al, or ſupernatural ; and by the fuller accounts of things it receives 
dm thoſe informations, to rectify, if need be, its former leſs mature 
gment. 
= thoſe who cry up abſtract reaſon, as if it were ſelf-ſufficient, 
lc it in words; but we who addreſs reaſon to phyſical and theological 
derience, and direct it how to conſult both, and take its informations 
thence, exalt it in effect and reaſon is much leſs uſefully ſery'd by 
former ſort of men, than by the latter; ſince, whilſt thoſe do but 
er it, theſe take the right way to improve it. 
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IS with indignation and wonder that I hear many men, 1 
| ſome of them divines too, who, little conſidering what bi 
is, and what themſelves are, talk of him and his attributs 
as freely, and as unpremeditately, as they would of a geom 
trical figure, or a mechanical engine. And even the leſs preſumpus 
frequently diſcourſe, as if the nature and perfections of that unparlt/l 
Being were objects their intellects could graſp 3 and ſcruple not to nw! 
tize about thoſe abſtruſe ſubjects as freely as about other things, thun 
confeſſedly within the reach of human reaſon. 

Yet God may have ſeveral attributes and perfections utterly unknow! 
us ; and of thoſe attributes whereof we have ſome knowledge, there! 
effects and properties, whoſe ſublimity or abſtruſeneſs ſurpaſſing our cif] 
prehenſion, makes the divine cauſe, or author of them, deſerve our ly 
eſt wonder and veneration. . os 1 

As there are two chief ways to arrive at the knowledge of God's a. 
butes, the contemplation of his works, and the ſtudy of his worG} Þ 
may be doubted whether either, or both of theſe, will ſuffice to acq 
us with all his perfections. 

For tho? philoſophers have rationally deduced the power, wiſdom, ® 
goodneſs of God, from thoſe marks of them which he hath ſtampt ut 
many of his viſible works; yet, ſince the divine attributes which the ct 
tures point at, are thoſe whereof themſelves have ſome participatiom, 
reſemblance ;z and ſince the fertility of the divine nature is ſuch, * 
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ellencies may bè participated, or repreſented many ways; how can we Pa vsies. 
are, but fo perfect, and exuberant a Being, has excellencies not ex- 

arg in the viſible world, or any of its known parts? 

WE nc of thoſe divine attributes we know, being relative to the crea- —— . 
, could ſcarce be diſcover'd by ſuch imperfect intellects As ours, but 
y confidering ſome things actually done by God. Thus, ſuppoſing 


OHtes Aa W;. 
57 eons uu 
bre the foundations of the viſible world were laid, the angels had n9 α⁰E]̃ . 
re knowledge than men; they could ſcarce imagine in God a power 61 
ting matter, and of producing local motion in it: much leſs could they 
re known how the rational ſoul, and human body act upon one another. 
ence it ſeems probable, that if God hath made other ſyſtems than that 
rein we live (and who can aſſure us, he hath not?) he may have 
plaved in ſome of the creatures that compole them, ſeveral attributes 
we have not diſcover'd by the help of choſe works of his wherew:th 
Ire acquainted, | 1 
readily grant, that the revelations God hath vouchſafed us, have 
rly taught us ſeveral things concerning their adorable author, which 
mere light of nature either would not have ſhewn, or but very dimly 
over'd. Vet the ſcripture itſelf informs us, that in this life “ we know 
in part, and ſee things but darkly ;** and that we are fo far from being 
to find out God to perfection,“ that even the ways of his provi- 
Ke are to us unſearchable. Hence God may have attributes unknown 


Wm ² + oC 


t it may be alledged, that, beſides the two ways mentioned of attaining 
nowledge of God's attributes; there may bea third preferable to both 
dthers, by conſidering the idea of a Being ſupremely, or infinitely per- 
in which idea, all poſſible perfections may be ſaid to be contained; ſo 
vo new one can be added to it. And, indeed, I readily grant, that this 
che molt genuine I am able to frame of the Deity; yet there may be 
attributes, which, tho? in a general way contain'd in this idea, are 


in particular, diſcovered to us thereby. ' Tis true, that when, b 
I eee means, any divine perfection comes to our knowledge, we may 
5 conclude, *tis, in a ſenſe, comprized in the comprehenſive notion we 
tc A a Being abſolutely perfect; tho?, tis poſſible, that perfection would 
"hi r nave come to our knowledge by the bare contemplation of that ge- 

ws dc, but was ſuggeſted by particulars; whence ſuch diſcoveries are 
10 ſo much derived from, as refer'd to the notion we are ſ peak ing of. 

ine perſuade me, that God may have, not only various \ 


tes, but various excellæncies and periections, unknown to us. And, 
er, many of the attributes we know he hath, we have but an imper- 
knowledge of, eſpecially if compared with his; for he poſſeſſes them in 
anner peculiar to himſelf, and far tranſcending that whereia men poſſets 
e faint reſemblances of them. es Leime 


he power and wiſdom of God are diſ play*d both in his cor poreal, and 
ncorporeal creatures. * 
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Pavysics. 


* 
Effect, of the 
divine power, 


The vaſt mag- 
nitude of the 
cohole mate- 
rial world. 


fix' d ſtars of the firſt magnitude, that to vulgar eyes look but like ſhiny} 
ſpangles, are by aſtronomers. affirm'd to exceed, each of them, abo, i 
hundred times the whole globe of the earth in magnitude: and as lit 
theſe ſtars ſeem to our naked eyes, they appear much leſs thro* ourH, i 


The Veneration due to G oÞD. 


Among the manifold effects of the divine power, I ſhall mention ch 


two; which, tho? often very manifeſt, are not very attentively reflegg 
on; the immenſe quantity of corporeal ſubſtance that the divine pom 
provided for the framing of the univerſe; and the great force of the lg; 
motion imparted to it, and regulated in it. 

The vaſtneſs of that huge maſs of matter, whereof the corporeal wy. 
conſiſts, cannot but appear ſtupendous to thoſe: who: skiltully conſider; 
That part of the univerſe, which has been already diſcover*d by huny 
eyes, aſſiſted with dioptrical glaſſes, is almoſt inconceivably vaſt, I. 


ſcopes; which taking off the falſe glittering that makes them look as 
are painted, ſhew them little other than phyſical points of light. Au 
the fun, which is granted to be fome millions of miles nearer to us that 
other fix'd ſtars; tho? it ſeem at this leſs diſtance not to be halt 200 
broad; is by the generality of mathematicians allow*d to be eight ot 
thouſand times as big as the terraqueous globe. And it plainly appeanh 
the parallaxes and other proofs, that the globe of earth and water ut 
habit, tho? it be divided into ſo many great empires, and kingdoms, « 
ſeas 3 and tho?, according to the received opinion, it be 5400 German legs 
in circumference, and conſequently its ſolid content 10,88 2,080,000 di- 
miles; yet this globe is ſo far from being, for its bulk, a conſiderabler 
of the univerſe, that *tis in compariſon thereof but a phyſical point. V 
thoſe far greater globes, the ſun and fix'd ſtars, and all the ſolid maſs 
the world, if reduced into one, would, perhaps, bear a. leſs proportion 
the fluid part of the univerſe, than a nut to the ocean. And as an c 
modern aſtronomer obſerves, all the ſtars, crowded into one body, i, 
at a fit diſtance, appear no bigger than a ſtar of the firſt magnitude. At 
all, I have hitherto ſpoke but of that part of the corporeal univerſe al 
ſeen by us: I muſt therefore add, that as vaſt as this is, yet all that 
eye, even when powerfully aſſiſted by teleſcopes, hath diſcovered, ö 
from repreſenting the world of ſo great an extent, as more perfect g 
will do hereafter. And even then the viſible part of the world will be- 
from reaching to the bounds of the univerſe“. 


«© occupy no part of the J/yfiniu 
66 9 neceſſarily and en 
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„ The ſyſtem of the world is now” 
ſays Dr. Halley “ underſtood to occu- 
«« py the whole abyſs of ſpace, and con- 
« ſequently to be actually infinite; and 
« ſmaller fix'd ſtars being ſtill diſcover- 1 
„able, as more perfect teleſcopes are 5 
« employ'd, ſeems to confirm this do- 2 
« ctrine. Were the whole ſyſtem finite, 6 
« it would, tho' ever ſo extended, ſill 60 
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From the vaſt extent of the univerſe, I proceed to conſider the ſtupen- Puys1cs. | 
os quantity of motion that the divine power has given the parts of GLYNN 
9a continually maintains in it. Of this we may make an eſtimate, by, e. —_ 
En fdering with what velocity ſome of the greater bodies are moved, and;;,, given 
=» large a part of the remaining bodies of the univerſe is alſo endow'd thereto, and 
2 th motion. | . maintains 
rue leaſt velocity I ſhall mention, is that afforded by the Copernican ook 
Wtheſis, according to which, the earth revolves from weſt to eaſt, about 
own axis, in four and twenty hours ; yet this terraqueous globe, which 

think ſo great that we commonly call it the world, moves at ſuch a 
e, that, as the learned Gaſſendus computes, a point ſituated in the equa- 
of it moves about twelve hundred feet in a ſecond minute: ſo that a 
let ſhot out of a canon ſcarce flies ſo ſwift. 

WB ut this velocity is ſcarce comparable to that of the fix'd ſtars, if we 
dpoſe them to move in four and twenty hours about the earth. For ſup- 
ſing the diſtance aflign'd by Tycho between us and the firmament to be 
Hen thouſand diameters of the earth; a fix'd ſtar in the equator moves, 
AAullerius calculates, 3,153,333 miles in an hour, and conſequently 
555 in a minute, and 875 ina ſecond; that is, three thouſand times 
er than a canon-bullet ſhot into the air. Tis true, that according to 
| Ptolemaic hypotheſis, a fix'd ſtar in the equator moves, at moſt, but 
Wee ſemidiameters of the earth in a ſecond ; but, according to Ricciolus, 
velocity is fifty times greater than in the Prolemaic hypotheſis, and 
eeſcore and ten times greater than in the Tychonian: for, according to 
, ſuch a fix'd ſtar as we ſpeak of moves 629, 128 Engliſh miles in a ſe- 
d. 
zut farther, that portion of the univerſe, which, tho' put into motion, is 
wonly ſuppoſed to be at reſt, is ſo great, that perhaps the quantity of 
on diſtributed among ſeemingly quieſcent bodies, may exceed the quan- 
f motion which the firſt mover has communicated to the fix'd ſtars, tho? 
ppoſe them whirl'd about the earth with that ſtupendous ſwiftneſs, the 


finite, all the parts of it would be near- * ſtance, their disks and light will be di- 
in equilibrio; whence each fix'd ſtar, *« miniſt'd, and the ſpace to contain them 
ing attracted by contrary powers, would *« increaſed,in the proportion of the ſquares: 
ep its place, or move till from ſuch an | . ſo that in each ſpherical ſurface the num- 
quilibrium it comes to reſt. Tis no | © ber of ſtars it might contain, will be as 
ore abſurd, that the fix'd ſtars ſhould ** the biquadrate of their diſtances. If then, 
ceed any given number, than that du- * as it needs muſt, the diſtances be im- 
tion ſhould be eternal, becauſe no num- «« menſely great, it will follow, that as the \' 
er of days or years can complete it. light of the fix'd ſtars diminiſhes, the in- 
is ſaid, I know, that if the number „ tervals between them decreaſe in a leſs 


the fix'd ſtars were more than finite, proportion; the one being as the diſtan- 
e whole ſurface of their apparent ſphere | ces, the other as the ſquares thereof, re- 
ould be Juminous. But if we ſuppoſe «© ciprocally. | And the more remote ſtars 
| the fix'd ſtars to be as far from one a- are ſo ſmall, that they muſt vaniſh, even 
— as the neareſt of them is from « in the moſt exquiſite teleſcopes; as a 
be jun ; that is, if we may ſuppoſe the «« {mall teleſcopic ſtar is inviſible to the na- 
n to be one of them; at a greater di- « kedeye.” Pi Tranſ. Ne 364. p. 22. 
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Puysics, ſyſtems of Ptclemy and Tycho ſuppoſe. For the fix'd ſtars, planets, u r 
SYN the mundane glot-s, whether lucid or opake, together bear bur a {| 


roportion to the nterſtellar part of the univerſe. And tho? I ſhoylz, m 
low all theſe globe to be ſolid, yet it muſt be conſeſs'd that each of 1.4 i 
/wims in a fluid o! much greater extent than itſelf. So that the fluid y, 
tion of the univerſe will, in bulk, almoſt incomparably exceed the f! Ps 
And if we confidcr the nature of a fluid body, we ſhall find it conn, i 
having its minute parts perpetually and variouſly moved]; fo that tho 
whole body of a liquor ſeems to be at reſt, yet its component parts am: 
a perpetual motion, continually ſhifting places amongſt themſelves, 

And becauſe the quantity of motion ſhared by the corpuſcles that con 
poſe fluids, is not uſually reflected on by philofophers ; I ſhall add, t 
we may gueſs how great and vehement a motion there may be in the pn 
of fluid bodies, perhaps, when the aggregates of thoſe particles appetit <> 
be at reſt, by obſerving them when their ordinary motions happen uE 
diſturb*d, or to be extraordinarily excited by fit conjunctures of circa 
ſtances; Thus we ſee the ſtrange force and effects of boiſterous winds! 
whirl-winds, which are but ſtreams and whirl-pools of the inviſihl:;xþ A 
whoſe ſingly inſenſible parts are by accidental cauſes determined to hu E. 
their motion made either in a ſtrait line, or as it were about a com A 
centre, Thus when a mine of gun- powder is ſprung, the flame, or of 
ſubtile ethereal ſubſtance, that is always at hand in the air, tho' both: 4a 
fluids, and the powder perhaps be kindled but by one ſpark of fire, 1 
ſtantly exerts a moſt rapid and furious motion. | 

The velocity of theſe diſcharged flames may appear from that vi! 
gun-powder impreſſes on a bullet, ſhot out of a well-charg'd gun; andt: 
Meti'ſennus, after ſeveral trials made to meaſure it, defines to be about; 
feet in a ſecond. If then we admit the probable opinion of the Car 
that the earth and planets are turn*d about their own axes by the moins 

the reſpective ethereal vortices in which they ſwim; we ſhall eaſily g Na I, 
that the motion of the celeſtial matter, which moves, for inſtance, ur 

remote confines of the earth's vortex, is by a vaſt exceſs more rapittia 

chat of the ſurface of the earth. But if we chuſe the Tychome hy poticls 

which, makes the firmament, with all the vaſt globes of light that a 

it, to move about their common centre in four and twenty hours, ther! 

tions of the "celeſtial matter muſt be allow'd a far greater, and inde 


- 
- 2 
— 


{carce imaginable rapidity. e ads; onde | 
Hence we may have more enlarg'd conceptions of the power and wild! 


of the greut Creator, who has hoth put ſo wonderful a quantity of motiai ia m. 
do the pniverſal matter, maintains it therein, and is, able not only 0% at, m 


bounds to the raging ſea, hut ſo to curb and moderate thoſe ftupendoty 
rapid motions of te mundane globes and-intercurrent fluid, that neither 
unwweflginefs of their bulk; nor che celerit of their motions, have madetn 
Ay: eut;. for many ages. And if the firmament itſelf, whoſe motion) 
the vulgar hypotheſis, is by much the raoſt rapid in the world, fail oft 


actly completing its revolution in four and twenty hours, that retardation 
Ell 1: v ©: £37 4 1 
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1 > regulated, that ſince Hipparchus's time, who lived above 2000 years ago, Physics. 
e {rt far in Aries, which was then near the beginning of it, 18 not yet AK AN 


# 


me to the laſt degree of that ſign. , 

he wiſdom of God is expreſo'd in two different manners. Sometimes The on of 
is ſo maniſeſtly diſplay*d in familiar objects, that even ſuperficial ſpecta- my YR, 
MW; may take notice of it. But there are many other things, wherein the 
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treaſures of wiſdom and knowledge“ may be faid to lie deep. | 
The contrivance of every animal, and eſpecially of a human body, is 7z he varies 
curious and exquilite, that *tis almoſt impoſſible for any one, who has —_ g 
dt ſcen a diſſection well made, and anatomically conſider'd, to conceive 
much excellent workmanſhip is diſplay'd in that admirable engine. 
ay, the mcaneſt living creatures of God's making are far more wiſely 
Wnrivcd, than the molt excellent pieces of workmanſhip that human 
as and hands can boaſt. No watch or clock is any way comparable, 
1 exquiſiteneſs of mechaniſm, to the body of an aſs or a frog. 
hut God's wiſdom is recommended as well by the variety, and conſe- 
Wently the number of the kinds of living creatures, as by the fabric of 
eh of them in particular. The skill of human artiſts is, for the moſt 
rt, limited to one, or to a few ſorts of contrivances; whilſt the great 
thor of nature has not only created four principal ſorts of living engines, 
aſts, birds, fiſhes, and reptiles, which differ exceedingly from one ano- 
Wer, as the ſeveral regions or ſtages where they were to act their parts, re- 
red they ſhould ; but under each of theſe comprehenſive genus's are 
mpriz'd many ſubordinate ſpecies of animals, which differ exceedingly 
dm others of the ſame kind, according to the exigency of their particular 
tures; as the hog and the hare, the parrot and the batt, the whale and 
ſtar-filh, Sc. | 
L nd what greatly enhances the excellent contrivances to be met with 
„ WM bclc automata, is the ſymmetry of all the various parts whereof each 
ns 8 them conſiſts. For tho' an animal, conſider'd in his ſtate of intireneſs, 


Fri, E ſtly Jook'd upon as one engine 4 yet, really, this whole machine is a 
0: plex ching, made up of ſevera! parts, which, conſider'd ſeparately, 
pass, each of them, for a ſubordinate engine, excellently fitted for 
dae, ee particular uſe. It ought, therefore, highly to recommend the wiſ- 
t aur p ol the, great © former of all things,” that he has fo framed each par- 
tne Ci plar part of animals, as not; to let the «kill beſtow'd/on that render the 
nder! er leſs perfect: which manifeſts,” that this great artiſt had the Whole fa- 
3 Ic under his eye at once, and did at one view behold all that was beſt to 
vid done, in order to compleat the whole animal, and all its parts, at once; a 
pen plit. many excellent artificers, who can make a ſingle engine very com- 
ly l at, may not be able to make it a commodious part of an aggregate of f 
e, ines. Thus, tho' ſeveral can make pendulum - clocks go very regularly 
ithel“ 


ſhore, they cannot yet fit them to meaſure time exactly in a ſhip at ſea. 
But how. much more wonderful than the ſtructure of the grown body, 
t be che contrivance of the Semen animatums; ſince all the future parts, 
functions, and many actions of the animal to be produced, muſt be 
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Paysrcs, durably delineated, and couch'd in a little portion of matter, that ſeep, 
LYN homogeneous, and is unqueſtionably fluid? And what much increaſes th; 
wonder is, that one of theſe latent impreſſions, or powers, namely, the 


prolific, is to lie dormant, perhaps, above thirty or forty years, and then! 


to be able to produce many more ſuch @ngines as is the animal itſelf, 
In the matual 
uſefulneſs of tures, is their mutual uſefulneſs to one another, in a relation either of 6. 
Pts product lens pendence, or co-ordination. This ſerviceableneſs may be conſider'd, c. 
each other. ther as the parts of the animal have relation to one another, and toth 
whole body they make up; or as intire and diſtinct bodies, which have: 
regard to, or dependence on each other. To the firſt ſort of utility b 


long the offices of the parts of the body, which ſome of them exerciſe { 


the good of the whole; as the ſtomach for concocting the aliment, th 


brain for ſupplying animal ſpirits, the kidneys to ſeparate the ſuperfuoy 


ſerum of the blood. There are alſo many other particular parts that hay 
a great ſubſerviency to one another; and ſeveral conſents of parts, ar 
utilities, that accrue from one to, the other, are farther diſcovered by di 
eaſes; which primarily affecting one part or member of the body, di 


cover that another has a dependance on it, or a particular relation to i, þ 


To the ſecond kind of utility belong thoſe parts that diſcriminate the: 
of animals, which have ſuch a relation one to another in the male, and tt 
female, that *tis obvious they were made in order to propagate the ſpecis 

It were endleſs to obſerve the wiſdom and goodneſs manifeſt in the work 
of creation; the ſituation of the ſun, its motion in the ecliptic, trad: 
winds, ſtated rains, Sc. with regard to the welfare of men and other ui. 
mals. Thus, too, we ſee, that, according to the uſual courſe of natur, 
lambs, kids, Sc. are brought into the world at the ſpring of the yer, 
when tender graſs, and other nutritive plants, are provided for their 


The like may be obſerved in the production of ſilk- worms, whoſe eg 


hatch'd when mulberry-trees begin to bud, whereon theſe inſects ar 
feed; the aliment being tender whilſt the worms themſelves are ſo, uf 
growing more ſtrong and ſubſtantial as the inſets increaſe in vigour : 
bulk. 

1 have hitherto taken notice only of the productions of God's pom 
and wiſdom obſerved in the viſible world; but, perhaps, as the ſun, it 
neareſt fixed ſtar to us, has a whole ſyſtem of planets that move about hin 
ſo ſome of the other fixed ſtars may be centres of other ſyſtems of cc 
globes; ſince we ſee, that even ſome planets, determined by aſtronomt 
to be much inferior in bigneſs to the fixed ſtars, have other globes, tl! 
do, as it were, depend on them, and move about them; the earth iv 
the moon for its attendant ; Saturn is not unattended ; and Jupiter it 
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Another way whereby God manifeſts his wiſdom in his corporeal cre, | 
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no leſs than four ſatellites. But none of theſe ſecondary planets, du 
move about Saturn and Jupiter, are viſible to the naked eye, and vt 
therefore, unknown to the aſtronomers who liv'd before the invent 
of teleſcopes. Now in caſe. there are other mundane ſyſtems, belt 
this viſible ..one of ours; I think it may be probably ſuppoſed, - 
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od has given peculiar, and admirable inſtances of his inexhauſted wiſ- PR yscs. 
ſom in the contrivance and government of ſyſtems, that, for ought we 
now, may be framed and managed in a manner quite different from 

bat is obſerved in that part of the univerſe known to us. 

W However, we need not fly to imaginary ultra-mundane ſpaces, to be 
Nenvinced, that the effects of the power and wiſdom of God are worthy of 

MW cir cauſes, and not adequately underſtood by us; if, with ſufficient at- 
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IJ ntion, we conſider that innumerable multitude, and unſpeakable variety 

bodies, that make up this vaſt univerſe. For there being among theſe, 
ſtupendous number, that may be juſtly look*d upon as ſo many diſtinct 
gines, and many of them very complex; to know that all theſe, with the 
ſt of the mundane matter, are every moment ſuſtain*d, guided, and go- 
Wern'd, according to their reſpective natures, and with an exact regard 
os general laws of the univerſe ; to know that there is a Being, who, 
ery where, manages all things, without either aberration, or intermiſſion; 
W a thing, that if we attentively reflect on, ought to produce in us great 
onder, and adoration. | 
The Epicureans of old did, with ſome colour of reaſon; urge againſt 
e beliet of a divine providence, that *tis incredible the gods ſhould be 
Wfcicnt for ſuch differing and diſtracting employments, as, according to 
Me cxigencies of nature, to make the ſun to ſhine in one place; the rain to 
Bower down in another; the winds to blow in a third; the lightning to 
ſh in a fourth; the thunder-bolts to fall in a fifth; and other bodies to 
t and ſuffer, according to their reſpective natures. We, therefore, who, 
on good grounds, believe God really does what they thought impoſſible, 
much wanting in our duty, if we do not admire an all- pervading wiſ- 
n, that reaches to the utmoſt extent of the univerſe; and, with eaſe, 
ally performs what theſe philoſophers profeſs'd they could not ſo much 

Wc onceive. 
c have ſeen God's wiſdom and power in his corporeal works; hut g1/1/7 greater 
Dc of the divine perfections could not be ſo well expreſs'd, or copied, infances of 
Won corporeal creatures, as upon the rational and immaterial ſoul of, and 
n, and other intellectual Beings: as the picture of a plain ſimple thing — — 
hot capable of receiving, or containing, ſo much of an excellent painter's and govern- 
ill, as he could exhibit in a piece wherein the paſſions of the mind, and nent of im- 
laws of optics, &c. may be fully expreſs d. And it may well be 2 Be. 
eſumed, that if we were as familiarly acquainted with God's incorpo-- 
creatures, as with his viſible ones; we ſhould perceive, that as ſpirits 
incomparably more noble than bodies; ſo the divine wiſdom employ'd 
the government and conduct of them, is more glorious than that which 
Jultly admire in the conduct of his corporeal works. And, indeed, let 
portion of matter be ever ſo fine, and ever ſo well contrived, it will 
t be more than an engine deſtitute of underſtanding and will; and 
ole excellency, as well as its diſtinction from other bodies, even the 
oſſeſt, and moſt imperfect, can conſiſt but in mechanical properties; 
ich neither excite themſelyes into motion, nor regulate and ſtop the mo- 
tion 
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Puyscs, tion they once are in; whereas, true ſpirits, or immaterial ſubſtan en 
A have, by God's appointment, belonging to their nature, underſtandg ti 
will, and an internal principle, both of acting, and of arbitrarily cem . 
from action. And tho? God, as the ſole creator of all ſubſtances, has, v n 
may exerciſe, an abſolute dominion over all his creatures, as well imm. 4 £ 
terial as corporeal z. yet, ſince he thinks fit to govern ſpirits accor{ingy 
the nature he has given them; to create ſuch intelligent, free, and pong. 
ful Beings, as good and bad angels; and to govern them on ſuch tem 
as effectually to make them inſtruments of his glory, which mulritudgyf 
them ſubtily and obſtinately oppoſe ; requires a wiſdom and providey, 
tranſcending any that can be diſplay'd in the formation and managen 
of merely corporeal Beings. For inanimate engines may be contring | 
to act as we pleaſe 3 whilit angels, and human ſouls, are endow'd with, 
freedom of acting, in moſt caſes, as they pleaſe themſelves. *Tis f. 
eaſter for a watch-maker to regulate the motions of a watch, than the#þ 
tections and actions of his ſon. 
Angels, whether good or bad, are very intelligent and active Being; 
and each of them is endow'd with an intellect capable of numberleß n 
tions, and degrees, or variations of knowledge; with a will capable 
no leſs numerous acts; of having various influences upon the une: 
ſtanding, and of being variouſly affected by the dictates of it. So thatac 
particular angel, being ſucceſſively capable of fo many differing moral ſt 
may be look*d upon, as, in a manner, a diſtinct ſpecies of the intellectu 
Kind. And, the government of one demon, may be as difficult a wor, 
and, conſequently, may as much declare the wiſdom and power of b 
as the government of a whole ſpecies of inanimate bodies, whoſe num 
determines them to a ſtrict conformity to thoſe primordial laws of mot 
once ſettled by the great creator; and, from which, they have no vilzo! | il 
their own to make them ſwerve. par 
The ſcripture tells us, that, in the ceconomy of man's ſalvation, there ide 
ſo much of the ©* manifold wiſdom of God?” expteſo'd, that the ange!sthen-| e 
ſelves defire to pry into the myſteries of it. When our ſaviour, having to 
his apoſtles, that the day and hour of his future coming was not tit 
known to any, . fubjoins, no not to the angels of heaven, he ſufficient) 
intimates them to be endow*d with excellent knowledge, ſuperior to t 
of men: which; perhaps, may be one of the reaſons why the ſcriptureſty's 
them ** angels of light.” It alſo teaches us, that the good angels are vali! 
numerous; and that, as they are of differing orders, God aſſigns the" 
very diftering, and important employments, both in heaven, and on earth 
and, ſometimes; ſuch as oblige them, in diſcharge of their reſpective t 
to:endeavour the carrying on of interfering deſigns. The ſame ſcriptun 
by ſpeaking of the devil, and his angels, and of the “ great dragon, tht 
drew down with his tail the third part of the ſtars from heaven to cart; 
and, by mentioning a whole legion of devils that poſſeſſed a ſingle min 
Sc. gives us ground to conclude, that there is a political government“ 


3 | Fe a 
the kingdom of darkneſs; that the monarch of it is exceeding yy hs 
when 


gence he is Riled the Prince of this world ; and ſome of his officer 
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' FS: titles of principalities, powers, rulers of the darkneſs of this worl 

t. che ſubjects of it are exceeding numerous; that they are deſperate 
mies to God and men; that they are very falſe and crafty ; and that 
r malice is active, reſtleſs, and great. Theſe things being taught us 


oe ſcripture itſelf, we may rationally ſuppoſe, that if we were quick- 
i Wed enough to diſcern the methods of the divine wiſdom in the govern- 
lt of the angelical, and of the diabolical worlds; we ſhould be raviſh'd 
o admiration how ſuch intelligent, free, powerful, and immortal agents, 
ald, without violence offer'd to their natures, be made, in various man- 
i} Fs, to conſpire to fulfil the laws, or, at leaſt, accompliſh the ends of that 
eat theocracy, which not only reaches to all kinds of bodies, but com- 
zes the whole creation, or the great aggregate of all the creatures of 
. And, indeed, to make the voluntary, and perhaps, the moſt crafty 
ons of evil men, and of evil ſpirits, ſubſervient to his wiſe, and juſt 
, no leſs recommends the wiſdom of God, than it would the skill of 
lot, to contriveand ſteer a ſhip, ſo as toſail to thedeſigned port, not only 
ha ſide-wind, but with one that was quite contrary, and tempeſtuous. 
Wc that great decretory Day, when the whole off-ſpring of Adam ſhall, 
che loud voice and trumpet of the arch - angel, be call'd together from 
remoteſt ages and moſt diſtant climates in the world; when the fall'n 
gels, and all the human actors that ever liv'd, ſhall appear upon the ſtage 
Wonce; when the dead ſhall be raiſed, and the books ſhall be open'd:“ 
the wiſdom of God will ſhine in its meridian luſtre and full ſplendor, 
not only the occurrences which relate to the lives and actions of par- 
lar perſons, or of private families, and other leſs ſocieties of men, will 
here found not to have been overlook*d by the divine providence; but 
gates of kingdoms and commonwealths, and the revolutions of nations 
of empires, will appear to have been order'd and over-ruled by an in- 
parable wiſdom. And thoſe great politicians, who thought to out-wit 


I 
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„ oidence, by their refined ſubtilties, ſhall find themſelves“ taken in their 
e craftineſs;“ ſhall have theirdeepeſt *© counſels turn'd into fooliſhneſs;“ 
e ot be able to keep the amazed world from diſcovering, that whilſt 
"11 FF chought they moſt craftily purſu'd their own ends, they really accom- 
ii a choſe of God. And the ſubtile hypocrites, who thought to make 
te ended religion the inſtrument of their ſecular deſigns, ſhall find thoſe 
ens defeated, and made truly ſubſervient to that advancement of reli- 
vaſt > Which they, in reality, never aim'd at. 
eo employ, and keep in order, a very complicated engine, tho? all the 
S of it be inanimate, and deſtitute of purpoſes and ends of their own, 
ſly counted a piece of skill. And this task is more difficult, and, 
lequently, recommends the conduct of the artiſt, in proportion to the 
cacy of the ſtructure, and the number of pieces whereof the engine 
ſiſts. How aſtoniſhing, then, will appear that wiſdom and providence, 


ch is able to guide, and over-rule many thouſand millions of engines, 


ow'd with wills, ſo as to make them all be found, in the final iſſue of 
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Pays1cs. things, ſubſervient to purpoſes worthy of divine providence, holine, 4 g 
LYN juſtice, goodneſs? - hat 
In ſhort, when all the actors ſhall appear at once upon the ſtage; % = c 
all diſguiſes ſhall be ſtript off, all intrigues diſcovered, all hearts ang;, le. 
ſigns laid open; then to find, that this whole amazing opera, that by A ſta 
been acting upon the face of the earth, from the beginning to the eng; = a, 
time, has been ſo contrived, and carried on, by the great author of, ere 
world, and of men, that their innumerably various actions, and croſ, =D. a 
ſigns, are brought to conſpire to the accompliſhment of a plot worth, dun 
God ; will appear an effect of ſo vaſt, and ſo all- pervading a wiſdom, 1 los 
human intellects will with admiration confeſs, nothing but a divine o] nm Mead 
ſcience could compaſs. | = UE 
Greatinflances In the redemption of mankind, more of the divine attributes, thany Wtrib 
2 vi/aomin commonly taken notice of, have their diſtin& Agencies; and their co. th u 
if 9 779 ra tion is ſo admirably directed by the divine wiſdom, that an apoſtle mig c. 
f 1 - eſp 52 {t b 
very juſtly call it the © great myſtery of Godlineſs. _ 
But many divines have largely treated of this ſubject ; tho? I dg 2 
whether moſt of them have not been more happy in avoiding errors ahn 18 
it, than ſucceſsful in unveiling the myſteries couch*d in it. There art, ſeri 
the great work of man's redemption, ſome characters and footſteps of rail 
divine wiſdom ſo conſpicuous and refulgent, that a believer, of r MP1! 
parts, may eaſily diſcern them. But there are alſo, in this ſublime a 3 his 
comprehenſive work, ſome . depths of God,” and ſo much of “ the via Ack 
of God in a myſtery, that I cannot think it eaſy to have a mental eye, A 
enlighten*d, and ſo piercing, as to treat largely and worthily of ſo nt * 
and abſtruſe a ſubject. And, indeed, a man muſt know much of the nim a 1 
of ſpirits in general, and even of the father of them, God himſelf; oft: | 9 
intellect, will, Sc. of the ſoul of man; of the ſtate of Adam in pn, 7 
and of the influence of his fall upon his poſterity; of the natural, . # 
trary vindictive juſtice of God; of the grounds and ends of Gti n- | ll * 
licting puniſhments ; of the admirable and unparallePd perſon of Chrit; = 
of thoſe qualifications, and offices, that are required to fit him for big . 


redeemer; of the nature of covenants, and the conditions of thoſe which 611 nl ; 
vouchſafed to make with man; of the divine decrees, with regard tom , 
final State; of the ſecret and powerful operations of grace upon the mit 
and the manner by which the ſpirit of God works upon the ſouls of m 
which he converts, and brings, by ſanctification to glory; in ſhort, tif 
are ſo many points, moſt of them of difficult ſpeculation, that are it! 
be diſcuſs'd by him, who would ſolidly and fully treat of the worlds 
demption by Chriſt ; that, when I reflect on them, I am ready to cache 
with St. Paul, who is ſufficient for theſe things?” And, Iam i 
from wondering, that the generality of divines, and other writers 01 þ 
ſubject, have not fully diſplayed the wiſdom which God has expreſs dh eg, . 
great work, that to have been able to accompliſh it in fo ad mirablea liar an 
as God has actually contrived,” and made choice of; is one of the ( canne 
reaſons of my admiration of the wiſdom itſelf. And, 1 am N ere 
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at for God toreconcile his inflexible juſtice, his exuberant mercy, and 
Ii choſe other attributes that ſeem'd toclaſh, inevitably, about the deſign'd 
vation of men, and make them co-operate to it; is a ſtupendous mani- 
ation of wiſdom: there being no propoſition in Diophantus, or Apollonius, 


WS algebra, or in geometry, near ſo difficult to be ſolv'd, or that requires 
4 greater number of proportions and congruities, to be at once attended 
, and made ſubſervient to the ſame ends; as that great problem, pro- 
Wounded by God's infinite goodneſs, to his divine wiſdom ; the redemption 
WF loſt and perverſe mankind, upon the terms declared in the goſpel: which 
e admirably fitted to promote, at once, God's glory, and man's felicity. 
We have here, and that very imperfectly, only ſpoke to two of God's 
ributes, his wiſdom, and his power: tho? there are many others where- 


" 
9 
2» 


ſt be a moſt glorious majeſty, that requires the moſt lowly and proſtrate 
eration of all his intelligent works. And, accordingly, the angels, of 
his mere creatures the moſt excellent and knowing, are repreſented in 
ſcripture, as aſſiduouſly employing themſelves in obeying and ſerving, 
praiſing and adoring the divine majeſty, with the utmoſt lowlineſs and 
miſſion, | 

his profound reſpect of the angels, is not to be wonder'd at; ſince, 

Were eſteem ſprings not from ignorance, but knowledge ; the greater the 
Wlicy and opportunities are of having the knowledge clear and heighten'd, 

greater veneration mult be produced in an intelligent Being for the 
ct admired ; whoſe perfections are here ſuch as even an angelical in- 
ct cannot fully reach: for, as a line, by being ever ſo much extended 

ngth, cannot grow a ſurface ; ſo neither can created perfections be, 

vy ideas, magnify*d into divine ones. And, indeed, ſpeaking in ge- 

me creatures are but ſhadowy, and arbitrary pictures of the great 

or; of many of whoſe perfections, tho? they have ſome marks; yet 

F are ſuch, as rather give the intellect riſe and occaſion to take notice 

nd contemplate the divine originals, than afford it true images of 
th The awful reverence paid to the ſupreme Being by thoſe excellent 

ts, who ** are greater in power and might than we,” ought to ad- 

11h us of the ecſtatic reſpect we owe him; and teach us, that when- 

we ſpeak either to God, or of him, we ought to be inwardly affected 

the unmeaſurable diſtance there is between a moſt perfect and omni- 

nt creator, and a mere impotent creature. 


all the divine attributes, or perfections, by unmeaſurable intervals 
cend thoſe faint reſemblances of them, that he has been pleaſed to 
rels, either upon other creatures, or upon men. God's nature is ſo 
liar and excellent, that there are qualities, which, tho? high virtues in 
cannot belong to God, or beaſcribed to him without derogation. Nay, 
are {ome virtues that belong to man himfelf only in his mortal ſtate, 
N n 2 But, 
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difference be- 
tween the 


th we are acquainted ; and, perhaps, ſtill more whereof we are igno- ef and 
t. Now, the natural and genuine reſult of all theſe divine perfections, is creatures. 


ne diſtance betwixt the infinite creator and the creatures, which are 7} ſuperiority 


he limited and arbitrary productions of his power and will, is ſo vaſt, 9 he divine 
knowledge to 


that of man, 
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Paysrcs. But, whatever excellencies there be, that are ſimply and abſolutely ſuch 
uud fo may, without diſparagement to his matchleſs nature, be aſcribed 
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God, we may be ſure that he poſſeſſes them; ſince he is the original a 
thor of all the degrees, or reſemblances, we men have of any of then 
The pſalmiſt's reaſoning is good. He that planted the ear, ſhall he 
hear? He that formed the eye, ſhall not he ſee? He that teachs; 
© man knowledge, ſhall not he know?“ Since all the perfections commu; 
cated to, or to be found in the creatures, being emanations of the diyjr 
excellencies, belong as much to God, as, in a bright day, all the luming 
rays found in the air, belong to the fun. The vaſt difference, then, h 
tween the perfections of the great creator, and thoſe that are analogous 


them in the creatures, reaches to all the perfections to be found in both 


but the human underſtanding, as it values itſelf upon nothing more thy 
wiſdom and knowledge; ſo there is nothing that it eſteems, and reverg 


— 


ces, more in other Beings, and is leſs willing to acknowledge itſelf {x 
paſs'd in, than theſe. Now, *tis certain, that God knows innumerable thing 
with which we are altogether unacquainted : he cannot but know allt 
creatures he has made, whether viſible or inviſible, corporeal or imm 
rial; and what he has enabled them to do. Nay, ſince he cannot but kn 
the extent of his own infinite power, he cannot but know numb 


things, as poſſible, that he has not yet made, or, perhaps, ever will ml: 


He, alſo, knows thoſe things whereof we men have ſome knowledge, i: 
manner, or degree, peculiar to himſelf. As, what we know but in pi, 
he knows fully; what we know but dimly, he knows clearly; and yi! 
we know but by fallible mediums, he knows moſt certainly. 

But the great prerogative of God's knowledge, is, that he peri 
knows himſelf ; that knowledge being not only too wonderful for n 
but beyond the reach of an angelical intellect : ſince, fully to compretent 


fite. And for the works of God, even in thoſe that are purely corpoti, 
our knowledge is incomparably inferior to his. For tho* ſome mo! 
philoſophers have made ingenious attempts to explain the nature of ti 
corporeal ; yet their explanations generally ſuppoſe the preſent fabit 
the world, and the laws of motion ſettled in it. But God knows, it 
cularly, both why, and how the univerſal matter was firſt contrived i 
this admirable univerſe, rather than a world of any other of the num 
leſs conſtructions he could have given it; and both why thoſe laws oi 
tion, rather than others, were eſtabliſhed ; and how ſenſeleſs matte, 
whoſe nature motion does not at all belong, comes to be put into mo 
and quality*d to transfer it, according to determinate rules, which | 
cannot underſtand. But when we come to conſider the particula, ® 
more elaborate works of nature; ſuch as the ſeeds or eggs of | 
Creatures, Sc. the ingenuous confeſs, and the confident betray theit 
rance. *Tis likely, that we men know ourſelves better than what 5 
out us: yet how ignorant we are at home, if the endleſs diſputes of! 


ſtotle, and his commentators, about the human ſoul, and of phyſicur, 
1 anato of 
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natomiſts, about the mechaniſm of the human body, were not ſufficient to Pf ysics. 
anifeſt, *twere eaſy to ſhew, by the very conditions of the union of the 


ol and body: which, being ſettled, at firſt, by God's arbitrary inſti- 
tion; and having nothing in all nature parallel to them; the manner and 
rms of that ſtrange union, is a riddle to philoſophers ; but mult needs 
clearly known to him who alone inſtituted it, and preſerves it. There 
e ſeveral advantages of the divine knowledge, above that of man. For, 


e can perceive, and ſufficiently attend but to few things at once; but 
od's knowledge reaches, at once, to all that he can know; his penetra- 
g eyes pierce quite thorough the whole creation at one glance; and 


there is no creature that is not manifeſt in his ſight.” He always ſees 


comparably more objects at one view, than the ſun himſelf, endued with 


bt, could do. For God beholds, at once, all that every one of his 


atures, in the vaſt univerſe, either does or thinks. The knowledge of 
od is, alſo, nota progreſſive, or diſcurſive thing, like that acquir'd by 


Mr reaſoning ; but an intuitive knowledge. Men, by reaſon of the li- 


itedneſs and imperfections of their underſtandings, are obliged to make 
e notice they have of one thing, a ſtep and help to acquire that of ano- 
er, leſs known: but God, whoſe knowledge, as well as his other attri- 
tes, is infinitely perfect, knows every thing in itſelf; and, all things 
ing equally known to him, he can, by looking into himſelf, there ſee. 


zery thing that is knowable, moſt diſtinctly, yet all at once. But, fur- 


er, God knows the moſt ſecret thoughts and intentions of men; whence 
is call'd the ©* ſearcher of all hearts; nay, he knows mens thoughts 
ar off,” And, by the way, how imperfectly muſt mere philoſophers 
ow God, fince they know him but by his works; and know his works 
mſelves but very imperfectly? Another conſpicuous prerogative of the 

ine knowledge, is the preſcience of future contingencies, . that depend 


cn the determinations and actions of free agents. For we men are ſo. 
IT from being able to ſtretch our knowledge to the diſcovery of ſuch events, 


the greateſt ſcholars in vain have try'd to diſcover: how God himſelf 


0 foreknow them ; and, therefore, too many, even among chriſtians, 
v that he can; tho? by ſeveral accompliſh'd predictions, recorded in 


Ipture, it manifeſtly appears, that he does. 


When I conſider the tranſcendent excellency, and the numerous prero- Th ob/igati- 
tives of the Deity, I cannot without wonder and concern obſerve, that r nen are 


onal men, profeſſing chriſtianity, ſhould wilfully neglect to acquire, or 7" e 


I : a nerate, and 
ect on, thoſe notices that are apt to increaſe their knowledge of God, contemplate 


d conſequently their veneration for him, To aſpire to a farther know- God. 


Lge of God, that we may the better adore him, is a great part both of 
an's duty and his happineſs. God, who has put into men an innate de- 
e of knowledge, and a faculty to diſtinguiſh the degrees of excellency in 
ferent notices; and to reliſh thoſe moſt, that beſt deſerve it; and has 
de it his duty to ſearch and inquire after God, and to love him above all 
ngs 3 would not have done this, if he had not known that thoſe who 
ake a right uſe of their faculties, muſt find him to be the nobleſt object 

of 
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ration. And, indeed, what can be more ſuitable to a rational creaty 
than to employ reaſon to contemplate that divine Being, who is both : 
author of its reaſon, and the nobleſt object, about which it can poſſibly}, 
employ'd? The knowledge of ſome dead language, or ſome old x 

medal, or the opinions and cuſtoms of ſome nations or ſects, that did not 
perhaps, reaſon or live any better than we do now, are thought worthy 
curioſity, and even of the laborious induſtry of learned men; and the fy; 
of things merely corporeal gains men the honourable title of philoſopher 
But whatever theſe objects of inquiry be, in themſelves, tis certain t. 
greateſt diſcoveries we can make of them are but trifles, in compariſoni 
the excellency of the knowledge of God, which as much ſurpaſles thay 
his works, as he himſelf does them. And *tis the prerogative of his 
ture, to be infinitely above all that he has made, whether we contemply| 
the works of nature, or thoſe of art; the former whereof are under au 


— 


ther name, his more immediate works; and the others, the effects of q 
of his works; and, by conſequence, originally his. And tho? it be ny 
true, that God has been pleaſed to ſtamp on the corporeal world ſuchin 
preſſes of his power, wiſdom, and goodneſs, as have juſtly exacted th 
admiration even of philoſophers; yet the great author of the world! 
himſelf incomparably ſuperior to all his workmanſhip : ſo that tho! 


could have made, and always will be able to make, creatures more pen | 


than thoſe he has made, by infinite degrees; yet the prerogative of li 
nature will keep him neceſſarily ſuperior to the moſt excellent creature 
can make; ſince the very condition of a creature hinders it from beig 
ſelf-exiſtent and independent. *Tis therefore, methinks, a fad thing, tu 
we men ſhould grudge to ſpend now and then a few hours in the conti 
plation and internal worſhip of that moſt glorious and perfect Being, i | 
continually employs the devotion of angels themſelves. 

I know *tis ſuppoſed a dangerous thing to be inquiſitive about the 
ture of God; but the ſecret things of God, which are to be left to din. 
ſelf, ſeem to be his unrevealed purpoſes and decrees, and his moſt abſirit 
eſſence or ſubſtance z the ſcrutiny whereof, I readily acknowledge not 
belong to us. And I think there is a great difference between contemp. 
ting God out of a bold curioſity, merely to know ſomewhat that 5 


common of him; and doing it out of an humble defire, by a farther k i 


ledge, to heighten our reverence and devotion towards him. *Tis an eff 


of arrogance to endeavour, or ſo much as hope, to comprehend the diit| 


perfections, ſo as to leave nothing in them unknown, bur to aſpire to kno 
them farther, that they may proportionably appear more admirable = 
lovely in our eyes, is not only an excuſable, but a laudable curioſity. I. 
ſcripture in one place exhorts us to growꝰ not only ** in grace,” but“ 


the knowledge of Chriſt ;** and in another, to add to our virtue xn 


& ledge.” And that we may aſpire to great degrees of knowledge, even 
to thoſe ſupernatural objects we cannot adequately know, appears ff 


St. Paul, who prays that his Ephe/iorrs, and all true chriſtians, may be ab! 
: 1 
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comprehend what is ©* the breadth, and length, and depth, and height, Pays1cs. 
and to know the love of Chriſt, which, ſays he, paſſeth knowledge.” WHWYNL 
bppoſing it then lawful to contemplate God, not with deſign to pry into 
« decrees and purpoſes, nor to dogmatize in controverted points about his 
ture and attributes; but to excite in ourſelves the ſentiments which his 
diſputable perfections are, by a more attentive view, qualified to produce; 
ke the devout contemplation of God, beſides other great advantages 
lat it brings the mind, to be one of the moſt delightful exerciſes the ſoul 
capable of, on this ſide heaven. Lis generally acknowledg'd, that ad- 
ration is one of the moſt pleaſing affections of the mind; which ſome- 
mes, when the object deſerves it, is ſo poſſeſs'd thereby, as to forget all 
er things, or leave them unregarded. Now the pleaſure that admira- 
n gives, being uſually proportionate to the uncommon nature and endeat- 
> circumſtances of the thing admired ; how can any admiration afford 
h a contentment, as that which has God himſelf for its object? The 
nder produced in us by an humble and attentive contemplation of God, 
two Principal advantages, above the admiration we have for any of his. 
orks, or of our own. For, firſt, when we admire corporeal things, 
w noble and precious ſoever, the contentment that accompanies our won- 
is allay*d by a kind of ſecret reproach, grounded on that very wonder ; 
Nee it argues a great imperfection in our underſtandings, to be unacquaint- 
WM with things that are but creatures, as well as we; and, what is worſe, of 
Mature much inferior to ours: whilſt 'tis no diſparagement, for a human 
llect to be poſſeſs'd with wonder, tho? heighten'd to amazement, or a- 
niſhment, by the contemplation of that moſt glorious and infinitely per- 
Being, who muſt neceſſarily exceed the adequate comprehenſion of 
created intelle&t, But there is a farther and much greater advantage 
the admiration of God, above that of other things; for other objects 
ing a bounded nature, and commonly but one thing to deſerve our 
- aer, our admiration of then? is ſeldom laſting ; and after a little fa- 
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in, WWarity, firſt languiſhes, and then ceaſes : but God is an object fo very 
* gular, whoſe perfections are ſo immenſe, that no diligence of conſidering 
, can make him ceaſe to be admirable ; and the more we know of him, . 
10 more reaſon we find to admire him. So that there may here be a per- 
ml al viciſſitude of our happy acquirements of farther degrees of know- 
ee, and our eager deſires of new ones. God is ſo fertile an object, that 
eſe need not fear our admiration of him ſhould expire, for want of variety 
gun keep it up. To the wonderſul excellence of God, may be juſtly applied 
1 p t Ariſtcile lays down as a definition of Infinite; vix. *tis that, of which 
5 2 ow much ſoever one takes, there ſtill remains more to be taken.” If the 

"7 ec ſhould for ever make a farther progreſs in the knowledge of the 
PE nders of the divine nature, attributes, and diſpenſations; yet it may ſtill 
ut g ke diſcoveries of freſh things worthy to be admired: as in an infinite. 
Ko | es, or row of aſcending numbers, tho? you may ſtill advance higher and 
* her, yet all that you can do by that progreſs, is to go farther and far- 
N r from the firſt term of the progreſſion, without ever reaching, or ſo 


h as approaching to an infinite number. 
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The Peneration due to Gov. 


Numerous other arguments might be brought, to ſhew the immenſe Nt 
SYN} feriority of man's intellect to God. | 


I think, then, that it becomes us to uſe an awful circumſpection, not oi 
when we make philoſophical inquiries about God, that is, when we preſyy, 
to diſcourſe of him, but when we ſolemnly deſign to praiſe him; for 
one thing to ſay true things, and another to ſay things worthy of Gy 
Our ideas of him may be the beſt we are able to frame, and yet may, 
better expreſs the greatneſs of our veneration for him, than the immenſy 
of his perfection; and even thoſe notions that may be worthy of the my; 
intelligent of men, will fall extremely ſhort of being worthy of the, 
comprehenſible God. The brighteſt and leaſt unlike idea we can {ra 
of God, is infinitely more inferior, with regard to him, than a parheljy 
is with regard to the ſun. He has not, in my opinion, the trueſt vere, 
tion for God, who can ſet out his excellencies and prerogatives in the n- 
high and pompous expreſſions ; but he who willingly has a deep and; 


- 


”—_ 


ſenſe of the unmeaſurable inferiority of himſelf, and his beſt ideas, tot; 
unbounded and unparallel'd perfections of his maker. And as even on 
hymns and praiſes of the ſupreme Being deſerve our bluſhes, and need; 
pardon ; what confuſion will one day cover the faces of thoſe who not) 
ſpeak ſlightly and careleſly, but often contemptuouſly of that ſupreme: 
infinitely perfect Being, to whom they owe thoſe very faculties which th 
ſo ungratefully and impiouſly miſemploy? Indeed ſuch tranſcendent eu 
lencies as are the divine, might juſtly diſcourage us from offering ſo mui 
as to celebrate them, if infinite goodneſs were not one of them. I {! 
not therefore allow myſelf the preſumption of pretending to make ap 
negyric of God, but content myſelf with an humble adoration of tid: 
perfections whereof my utmoſt praiſes would rather expreſs my own vel 
neſs, than their excellence; ſince of this ineffable object the higheſt tig 
_ can be expreſſed in words muſt fall ſhort ; for words cannot ent- 

im. 


THE 


REFACE 


TATICS is that part of univerſal mechanics, which conſiders 
the gravity of bodies, in all forts of mediums; tho tis, ſome- 
times, taken for the ſame as particular mechanics, or the do- 
ctrine of motion in bodies, which depends upon their gravity. 
, bydroſtaticks, in general, regards the weight of bodies in all man- 
& of fluids ; and, therefore, differs but little from ſtatics, unleſs when 
ies are weighed in vacuo; or, where there is no ſenſible reſiſtance. 
Mere is, alſo, a more limited ſignification of the word, bhydroſtatics; 
which reſtrains it, as its derivation implies, to the weighing of bodies 
water; and tis bydroſtatics in this ſenſe, wherewith we are here 
Wr:cipally concern d: a doctrine which, before Mr. Boyle undertook 
Improve it, conſiſted chiefly in theory and ſpeculation; having only 
treated by meer mathematicians : but, that noble philoſopher ſoon 
e'd it to practice, and applied it to uſeful purpoſes. Some of its 
o ſitions, formerly demonſtrated in a mathematical manner, he proved 
Mee direct, obvious way of experiment; that is, by the proper way, 
ery droſtatically. He, alſo, made many new diſcoveries in this part 
Voꝛoledge, which are highly uſeful in life, and teach us to examine 
= 2009/5 of drugs, of metals, minerals, and other bodies, both ſolid 
uid. i 
e. firſt of the following pieces appears under the title of paradoxes; 
, truly, the propoſitions it contains, were paradoxes, even to ſome 
thematicians, at the time wherein they were publiſhed. Nor is this 
ige, /ince, as the learned Wolfius obſerves, many perſons taking 
% for a permanent power in matter, which muſt remain unalter'd, 
4 it continues its flate; and ſuppoſing fluids, whilſt confin'd, 
W at reſt, wholly unable to act upon bodies; no Ay a appears to them, 
bey. ſhould, as it were, take away a part of the gravity of the bo- 
s immerſed in them; and, much leſs, «by they ſhould, ſometimes, 
Wow them upwards with a great force. This was remarkably the 
a O o 2 caſe 
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ledge of the former. 


caſe with that great Scholar, Dr. More; who, to folve ſuch an a6 
pearance, would fain have introduced a new, and an immaterial pr 
ciple into phyſics. And this gave birth to another of the enſuing pi, 
which tho it alſo relates to ſome experiments, that appear under the jy, | 
of pneumatics, we thought fit to range entire, under this of ſat, 
becauſe, in firifineſs, tis wholly bydroſtatical; taking that term i; 
larger ſenſe; becauſe we would not break in upon the order of the pu 
matical pieces; and, laſtly, becauſe hydroſtatics ought, always, tj. 
cede pueumatics; ſince the latter cannot be underſtood without a lm 
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Hydroſtatical Paradoxes, 


5 Proved and Illuſtrated by 
EXPERIMENTS. 


POSTULATA, & LEMMATA. 


Uppoſe a tube, open at both ends, held, with one of them, per- 
pendicularly, under water; the lower orifice may be conceived 
to terminate in a plain parallel to the horizon, or the upper ſur- 
4 face of the fluid. 

2. All aſſignable equal portions of this ſurface, will be equally preſſed 
che water perpendicularly incumbent thereon. 

Por the fluid being here ſuppoſed homogeneous, as to its gravity, and 
Wſtand, at the ſame height, upon all the parts of the imaginary plain; 
equal part can poſſibly be more preſſed than another, in the ſame ſur- 


. If any part of this imaginary plain be preſſed with a greater weight 
Wn another, the former will be either diſplaced, or depreſſed. 
Thus, whilſt an heavy body ſinks in water, that part of the imaginary 
Pin, contiguous to the lower part of the body, being preſſed by a great- 
weight than the other portion of the ſame ſurface, mult needs give way, 
We ceſlively, till the heavy body arrives at the bottom. 
n the other hand, if any part of the imaginary ſurface be leſs preſ- 
upon than the remainder, it will, by the weight on the remainder, be 
Ppell'd upwards, till the preſſure there be equal to that upon the other 
rts of the-ſame ſurface. | | 
If chis be doubted, the following experiment will prove it. If a cylin- 
aal glaſs tube, open at both ends, be ſteadily held in a perpendicular 
ture, with one of them immerſed, two or three inches below the ſur- 
of a proper quantity of water, in a glaſs veſſel ; the ſurface of the 
cer within- ſide the tube, will be nearly level with the ſurface that is 


thout-ſide the ſame ; becauſe the water, in both caſes, has a free com- 
Wunication, 
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Wy that is external to the tube, that within the tube, which we ſhall call j, 
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If, now, a convenient quantity of oil, be gently pour'd upon the wy 


ternal, will gradually riſe, and continue to do ſo proportionably , . 
cauſe the imaginary plain, cutting the immerſed orifice of the tube, 
every where preſſed by an additional weight, except 1n the orifice j 
ſelf : which preſſure mult neceſſarily be increas'd, as more oil is pour. 
upon the external water; whilſt a circle of our imaginary plain, equily 
the lower annulus of the tube, is, by the ſides thereof, guarded from g 
immediate weight of the oil; whence the external water, being my 
preſſed than the internal, is, conſequently, forc'd up thro? the tube, why 
there is the leaſt reſiſtance, till the cylinder of water within the tube, g 
vitates upon the ſubjacent part of the imaginary plain, equally with 4 
ſum of the water and oil, upon every other equal portion of the ſim 
ſurface. 

5. The air is a ponderous body. 

This has been ſhewn by ſeveral experiments; ſome whereof, indie 
are _ to; but the following is unexceptionable, and was often 

eated. 

n Having obtain'd a thin, and large glaſs bubble, with a ſlender tn, 
and gradually rarified the air it contain'd, as much as I conveniently cou 
by the flame of the lamp, whereat the bubble was blown; the ſt 
whilſt the bubble remain'd exceeding hot, being nimbly put into the fam 
thereby became hermetically ſealed, in an inſtant. This glaſs we permits 
to cool leiſurely, and afterwards weigh'd it in a very exact balance; th: 
carefully breaking off the ſealed end, and preſerving the fragment; ns 
weigh'd the glaſs again, and found it conſiderably heavier than betor; 
which could be owing to nothing but the natural air, that ruſhed into tt 
bubble, upon breaking off its ſtem, whilſt it contain'd air greatly exput- 
ed. For, the noiſe hereof, in entring, may be plainly heard by a 
tentive ear; and as the rarifaction is here great, ſo the bubbles will one 
times break, by the bare force of the external air; and, laſtly, it ii 
ſealed end of the glaſs be broke off, under water, that fluid will, by lr 
preſſure of the atmoſphere, be forced into the bubble, like an artiti 
fountain, till it be about three quarters full: whence the weight of f. 
air appears to be very conſiderable; ſince the fourth part of what i! 
bubble would contain, remains therein not taken notice of by the bali 
In one repetition of this experiment, I found the air freſh admitted into 
bubble, weighed near 4 of a grain, and its full content of water 9 
grains; whence, if the re admitted air only filled 3 of the bubble, ® 
whole air it contain'd, may be reaſonably ſuppoſed at a grain. Andi 
the water weigh'd about goo times as much as the air of the bubb! 
which, all things conſider'd, comes near enough to ſome other tri 
whereby we determin'd the ſpecific-gravity of air, to be to that of wit 
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PARADOX Il. 


| In all fluids, the upper parts gravitate on the lower. 


# Suppoſe one end of a ſmall, cylindrical, open glaſs tube, plunged into 


Mil of turpentine, and that liquor to be raiſed, by ſuction, to a convenient 
Weight therein; when the lips being removed, and the upper orifice of the 
ube nimbly ſtopp'd with the finger, to prevent the fluid from falling back, 
ich water, ſo that the ſurface of the oil may ſtand ſome what higher than 
at of the water. This done, and the finger removed from thebupper 
Wrifice of the tube, the oil will not fall out at the lower, but remain ſuſ- 
ended near its former altitude. But oil of turpentine, being an heavy 
id, has a tendency downwards; and as the lower orifice of the tube is 
Pen, it muſt neceſſarily fall out thereat, did not the preſſure of the water 
Wderneath ſuſtain it. No contrariety in the nature of theſe two liquors 
n be ſuppoſed the cauſe of this phenomenon ; for, if the finger be re- 
Woved, before the pipe is ſufficiently immerſed, the oil will ſubſide till it 
comes a balance to the water; but the reaſon of it is manifeſtly this: 
ppoſe the plain wherein the extremity Q of the pipe PQ, reſts, to be 
; if that part thereof whereon the oil reſts at Q, be equally preſſed 

the incumbent cylinder of oil QX, with the other parts of the ſame 
Wriace G H, by the water incumbent upon them; the part Q can neither 
depreſſed by the cylinder of oil QX, nor raiſed by an equal preſſure of 
ter upon the other parts of the plain G H. That this equilibrium, be- 
irt the oil and water, is juſtly aſſign'd for the cauſe of the phenomenon, 
pears farther, 1. From what is already obſerved, viz. that if the cy lin- 
of oil reach much higher than the ſurface of the water, the oil will de- 


g: the reaſon whereof is, that the plain G H, being more charged at Q 


in any other part, it is there unable to make reſiſtance; whence it muſt 
cbarily be thruſt out of its place, by the deſcending oil. 2. Becauſe the 
vill continue ſubſiding only till its ſurface becomes almoſt level with that 
cle water; when the part Qis preſſed by the oil, equally with the other 
"cs of the plain G H, by the water incumbent on them. 3. If, while the 
and water are balanced, the pipe be gently raiſed from Qto8, the oil 
l preponderate, and conſequently fall out in drops, which by the ſuperior 
Necific gravity of the water, will be buoy'd up, and ſo float on the ſurface 
erreof; and as the pipe is gradually elevated towards the ſurface L M, 
re and more of the oil will drop out: but if the tube be ſtop'd any where 

ts aſcent, at S, for inſtance, the oil will ceaſe to flow out: and, as at the 
in K the preſſure of the water, by reaſon of its diminiſh'd depth LI, 
en che other parts of the ſurface, is not ncar ſo great, as upon the 
un GH; fo the remaining cylinder of oil incumbent on 8, is, by reaſon 
s proportionable efflux, unable to preſs that part more forcibly than 
© others of the ſame plain I K, are preſs'd by the incumbent water. And, 
the lower orifice be raiſed almoſt to V, or near the upper ſurface of the 

| water 
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yagine it thus placed perpendicularly in the glaſs AB C D almoſt fill'd Fig. 2. 
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. will cauſe the oil to aſcend in the tube, the height of E G; ſo that the pier 


ydroſtatical Paradoxes. 


water LM, ſcarce any oil, for the ſame reaſon, will remain in the Pin 
TV. 4. But if, when the end of the tube reſts in the plain G H, whe, 
the oil is a balance for the water, it be let down to O, the external wats 


will contain, beſides a cylinder of oil à W, a ſhorter one of water «0, | 
for now a new plain E F, cuts the lower orifice of the tube, whilſt that pn! 
of it at O, being, by the incumbent oil, preſſed leſs than the others hy 
the incumbent water, the oil will be buoy'd up, till the water Oa, y/ 
the cylinder of oil a W, taken together, gravitate as much upon O, ast, 
reſt of the incumbent water does upon the other equal parts of the ſan; 
plain EF. Since then the oil, in this caſe, may be kept ſuſpended at ang 
point, under water, as at Q. being there in an equilibrium with the exte, 
nal fluid; ſince, when elevated, as from Q toS, it falls by its own ory 
vity; and, ſince the deeper it is plunged, the greater weight and preſin | 
are required in the cylinder of oil, to balance the preſſure of the water; | 
follows, that the parts of the water incumbent on the plain G H, pn 
that ſurface more than the plain I K is preſſed by the parts of the wiz 
contiguous to it; and conſequently, that all the parts of the water whit 
lie under the upper ſurface, are preſſed by thoſe which ſtand directly or 
them; as the upper parts of the oil preſs'd down the lower, whilſt 
pipe was drawn up from Qto 8; ſo that the oil flow'd out at the orifice); 
tor ſince the lower parts of a liquor preſs proportionably to the height, 
the fluid, they muſt neceſſarily derive their force from the incumbent pur, 
which conſequently gravitate upon them. 

A glaſs bubble, about the bigneſs of a pullet's egg, was purpoſely bon 
at the flame of a lamp, with a long ſtem turn'd up at the end, that it nig 
be the more conveniently broken off. This bubble being well heated n 
rarify the air, and thereby drive out a large part of it, was preſently fal 
at the end, and, by the help of the figure of the ſtem, was, by ant 
nient. piece of lead, ſunk under water, the weight and glaſs being ti 
a ſtring to one ſcale of a good balance, in the other whereof was placed! 
counterpoiſe to the bubble, as it hung freely in the midſt of the vu 
Then, with a pair of forceps, I carefully broke off the ſealed end of it 
bubble under water, ſo that no air appear'd to emerge, or eſcape thro'tk 
water; but the liquor, by the weight of the atmoſphere, ſprung into! 
empty part of the bubble, and about half fill'd the whole cavity; wit! 
upon the bubble immediately ſubſided, and made the ſcale, whereto 't# 
faſten'd, require 4 drams, and 28 grains, to bring it horizontal. Tit 
taking out the bubble, with the water it contain'd, we, by means of l 
flame of a candle warily applied, drove out the water, which others 
is not eaſily excluded at a very narrow ſtem, into a glaſs counters: 
before-hand, and found it to weigh about 4 drams, and 30 grains, * 
ſides a little that remain'd in the bubble, and a ſmall matter that mige 
have been rarify*d into vapour; which, added to the piece of glaſs b 
off under water, and loſt there, might very well amount to 7 or 8 gib, 


By which it appears, not only that water has ſome weight, or gravirate 
2 : Walt, 
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ater, but that it weighs very near, or altogether as much in water, as STATICes. 
I the air. We repeated the experiment with another ſealed bubble as x, 
ae as a great hen- egg, and with the like ſucceſs. 


* COROLLARY. 
From hence it appears why the ſurface X, of the oil in the pipe P 2 
esa little above the level LM of the external water. The ſlenderneſs 
me pipe may indeed contribute hereto, but there would, otherwiſe, be 
inequality. For ſince oil of turpentine is ſpecifically, that is, bulk for 
Wk, lighter than water; and ſince an equilibrium between them is here 
Wſtantly obſerv'd; the height of the oil incumbent upon Q mult of ne- 
Jity be greater than that of the water incumbent on the other parts of 
ſame plain G H, to make the preſſure on both ſides equal. And were 
difference between the ſpecific gravities of theſe two liquors greater, 
We difference in the heights of their ſurfaces X and LM, would be greater 
; as may be try'd, by ſubſtituting oil of tartar per deliguium, a heavy 


e liquor, for water. 
SCHOLTIA. 

What we have here ſaid, or ſhall hereafter ſay, of the properties of 
er, is applicable to all ponderous fluids, unleſs where cauſe of excep- 
appears in particular caſes. 
g. *1 was before hinted, that in very ſmall glaſs pipes, many fluids (1 
pt quick-filver) will appear with their ſurfaces higher than that of the 
Wor Wherein they are immerſed ; and that, as far as I have obſerv'd, in 
Wportion to the ſmallneſs of the bore: but this being of ſmall conſequence 
r preſent experiments, we ſhall take no farther notice thereof. 
Notwithſtanding this inconvenience of ſmall tubes, we chuſe to make 
ereof, becauſe thoſe of a wider bore are apt, upon any ſmall inequa- 
of preſſure, to ſuffer the oil and water to paſs by each other in their 
: and ſo diſturb the experiment. | 
Common oil and water, or any two liquors that will not mix, may 
in moſt of our experiments. I made choice of oil of turpentine, be- 
eis light, thin, clear, colourleſs, eaſily obtainable, not apt to ſpot 
el, or greatly to adhere to porous bodies; and its offenſive ſcent is 
corrected by oil of rhodium, &c. 
Oil of turpentine will corrode copper; whence, by digeſting it upon 
rude filings of that metal, a deep green liquor is obtainable, which 
inſtead of the colourleſs oil, will render the diſtinction of the fluids 
conſpicuous, 
For the ſame purpoſe I frequently employ a decoction of brazil, log- 
I, or the common red ink; which muſt be made very ſtrong and deep, 
viſe their colour in a ſlender pipe will be ſcarce diſcernible. 
As to the ſhape of the glaſs-veſſel, we need not be ſolicitous, tho? that 
Vide-mouth'd jar be for ſome uſes the moſt convenient. The depth 
e K on length of the tubes, muſt be determin'd by the exper1- 

e made, 
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8. It ought to be no diſcouragement, if the oil of turpentine ſucbdy 1 cli 


draw up more than is neceſſary, and afterwards to let in the air grad? 
between the orifice of the tube and the finger, which will ſuffer the lam | 
to deſcend to the height required. 8 — 1 
9. Where a conſiderable difference is required between the two fu ir 
made uſe of, oil of tartar per deliguium, as we ſaid, tinged with cochine/ 4 
may ſupply the place of water, and highly rectified ſpirit of wine thy; 
oil of turpentine: for theſe two liquors, tho? they readily unite withy, 
ter, will not eaſily mix with each other. Or a very ſtrong filtred ſolu 
of ſea-ſalt may be ſubſtituted for water, occaſionally. I have ſometyy 
added oil of turpentine to ſpirit of wine and oil of tartar, and therelyy 
tain'd three liquors of different gravities, which will not eaſily mix; 
plunging a pipe, with water in the bottom of it, below the ſurface of: 
loweſt of theſe liquors, and raiſing and depreſſing it in a proper many 
the experiment may be agreeably varied, but ſtil] continue explicab: 
the principles we deliver. 
10. This propoſition has been thought liable to the following objet 
1. If the upper parts of water gravitate upon the lower, the latter mi 
more denſe than the former. 2. Divers are ſenſible of no compreſlur: 
der water. 3. Tender plants grow at the bottom of the ſea. 4. At: 
merſed heavy body is ſupported and drawn out with greater eaſe, th: 
no water were incumbent thereon ; for it weighs leſs in water, thagor 
it. 5. A bucket of water is lighter when immerſed, than before, 
weighs leſs in water, than, when empty, out of it; therefore the wit 
the bucket does not gravitate, either on the bucket, or the water belor! 
whence the ſchools have determin'd, that fluids never gravitateinti 
proper places. 6. Horſe-hairs preſerve any place aſſign'd them nr: 
and do not fink by the incumbent weight thereof. 7. Were ti:1y; 
fition true, all the lower parts of water would be in perpetual motin, 
conſtantly expel the upper. : * 
To anſwer each of theſe objections in their order. 1. If the com-, nes al 
parts of water be perfectly hard and ſolid, the upper may preſs up} 
lower without condenſing them, as would be the caſe in a heap of du 
duſt. And poſſibly the parts of water will not ſenſibly yield to ſo 
a weight as that of the incumbent fluid, at leaſt in thoſe heights vt 
experiments are uſually made; for, in fact, water is not compreſlible? 
ordinary force: nor would any abſurdity follow from our doctrine, 
the lower parts of the ſea condenſed by the upper. 2. That die 
inſenſible of any compreſſure under water, proceeds from the ſurpfi- 
ſtrong reſiſtance of an animal body to an uniform force, at once apps 
all the external parts thereof; but that, if a proportionable parte 
preſſure was ſuſtainꝰd by one limb, and nor by all the reſt at the ſan 
*twould be greatly pain'd thereby, appears ſenſibly from cove: 
mouth of an open cylindrical veſſel with the palm of the hand, vm 


plicd like a receiver, to be exhauſted by the air-pump : for as o 
11. 


. 
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eluded air is withdrawn from under your hand, it will be vehemently STATICS. 
ed (rom without, againſt the edge of the veſſel; as if ſome weight were . 
Na upon the back of your hand, and forced it into the hollow of the cy- 
aer. But that ſo vaſt a weight of water, as muſt compreſs a human 
ay at the depth of near 100 feet below the ſurface of the ſea, ( where, 
WS; cr told me, he had remain'd without pain) will not ſenſibly affect it, 
I ay appear from the following experiment. To a ſmall, cylindrical, glaſs 
bon, ſcaled at one end, we exactly fitted a rammer, by means of ſoft Fig. 3. 
ther, fo that neither air nor water could paſs between it and the ſides 
the glaſs 3 then pouring in a proper quantity of water, and leaving ſome 
nes height of air above it, we let a young tadpole, the body of which 
mal is exceeding ſoft and tender, ſwim about in the glaſs ; when a man 
cing the rammer down the tube with his utmoſt ſtrengrh, the bulk of the 
err creature ſeem'd ſomewhat diminiſh'd by the preſſure ; however, it 
rinued to move freely about in the water, and often aſcended to the 
WS thereof; tho? the inſtrument ſtood peependicular to the horizon: nor 
Na ve perceive that the animal ſuffer'd the leaſt injury hereby. This ex- 
ment we frequently repeated, with tadpoles of different ages; whence 
ay fairly be concluded, that the texture of animals 1s ſo ſtrong, that 
W water actually preſs on water, the body of a diver, at a great depth 
Fein, ought not to be ſenſible of its weight: for the air being here com- 
d into an eighth part of its natural dimenſions; the tadpole ſuſtain*d a 
Jure of water equal to that of a cylinder of the ſame near 300 feet high. 
hat plants ſhoot up under water, is owing to the ſubjacent preſſure of 
ame ; the force whereof, we ſee, is able, when they are detach'd from 
roots, to throw them up to the ſurface, notwithſtanding the direct 
Inc of the incumbent fluid. 4. Tho' the water incumbent on a heavy 
W actually tends to depreſs it, yet that tendency may not cauſe it 
deeper; by reaſon of an equal or greater preſſure upon all the 
' parts of the ſame plain, wherein its bottom reſts ; in which caſe, 
ad that ſuſtains it will not feel the weight of the incumbent fluid, 

able to raiſe the body more eaſily here, than in the air: yet if 
cumbent water be removed, as in the proof of our eleventh para- 

a great preſſure will appear to have been there ſuſtain'd by the body. 
o paſs over that ſenſeleſs expreſſion of fluids not gravitating in their 

r places, I thus ſolve the phenomenon of the immerſed bucket. Sup- 


10s U ABCD the well, EF the rope whereby the bucket is ſuſpended Fg. 4. 
ſible? water, with its bottom reſti 7 

I , eſting on the plain IK ; if the bucket 
* y conſiſt of wood ſpecifically lighter than water, it muſt be ſo far 


weighing upon the hand at E, that its upper parts muſt needs riſe 
tne top of the water: but if this veſſel be a compoſition of wood and 
it may be ſpecifically heavier than water; in which caſe, the hand 
lraws it out, will feel only that weight, whereby it exceeds an equal 
of the fluid; the water in the cavity G, and ſo much as reſts thereon, 
balanced by the preſſure of the other water above the plain IK: 
e che bottom of the bucket is preſſed as forcibly upwards, as the 
Pp 2 weight 
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ight of the incumbent water, in the bucket and above it, tends to g, 

3 — it; ſo that the hand has no more to lift, than the exceſs of Weights 
the wood and iron of the bucket, above that of an equal bulk of wy, 

And farther to ſhew the abſurdity of that ſcholaſtic doctrine, of way 

not weighing in its own element, drawn from this experiment of the by 

| ket, I perform'd the ſame thing in water, with a ſmall box fill'd it 

butter, and ſome pieces of lead, to add to its weight; and I hope, it willy 

be pretended, that the butter and lead didnot gravitate here, becauſe thy 

were in their own element“ . 6. That horſe-hairs, ſuppoſing them of 0 

ame ſpecific grgvity with water, ſtand ſuſpended at any depth in t 

Fig. 4. fluid, 1s eaſily accounted for upon our principles. Suppoſe the body 
to be of the ſame ſpecific gravity with water, it cannot preſs that par 


in S, wherein it reſts, either more or leſs than an equal bulk ofy, 
— 0 = deem tho? the whole column that ftands above it, 6 
rectly preſſes thereon, that does not ſink it; being balanced by the week 
of the other water above the plain I K; whence the body will neither 
depreſs'd nor rais d. And as this muſt be the caſe at what depth ſor 
the body be immers*d, it muſt neceſſarily keep in the place aſſign'd it, 4; 


I once procured glaſs bubbles ſo nicely poiſed, as toexhibit this phenon:þ 


ith a ſurprizing exactneſs. 7, If the laſt objection ſuppoſes t 
— — of . to be of any conſiderable bulk, tis already: 
ſwer' d, when we ſhew'd that the body R, would retain its place aſſign 
any where in the water. And unleſs we knew the particular mag 
tude and figure of the component particles of water, tis to no f. 
poſe to diſpute this point. Iam, however, fo far from thinking it 
ſurd, that the lower parts of water ſhould be in conſtant motion, 5 
I take this to be the very property that conſtitutes a fluid; which, ti 


not viſible, is eaſily diſcoverable by its effects. Thus, when ſalt ihn i 


into water, the parts near the bottom ſoon raiſe ſaline corpuſcle nt 
— ge ———— ſhew themſelves in ſmall, floating, cv 


5 PAR: 


. , 7 4 WE 7 hy d 

* Thi tter cannot be ſet clearer in veſſels fil'd with liquids; at ; 
than * words of Sir IJſaac Newton 3. | «« weight of the whole being _ 0 
who obſerves, that bodies immerſed in « weights of all the parts, _ gr 
fluids, have two kinds of gravity ; the one | © fity be compoſed of them. Bu ro 
true and abſolute, the other apparent, vul- | by the latter kind of gravity, * 
gar and relative. Abſolute gravity ( ſays « gravitate in their own places; WF 


1 c ith one 
** he) is the whole force wherewith a do not, when compared wit | 
6 bs &. downwards ; but the relative * ther, pregravitate ; but — 
and vulgar is that exceſs of gravity, „ dering each other's —_— 
*+* whereby a body tends downwards, more « ſcend, they remain in their p 


than the fluid which ſurrounds it. By « if they had no weight. Bodies in tit 


. - : tho! = 
the former kind, the parts of fluids, and „ which do not pregravitate, are 
of all bodies, Faria in their proper Aby the vulgar not to be heavy *. 

* places; and, by their joint weights, « which 7 1 : they ON * 
„ compoſe the weight of the whole. For « heavy, ſo far as the air does not "7 


every Whole has weight, as is evident * them: ſo that the weight of bodies 


er 

1 * * 

een, 
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e vul; 
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PARADOX II. 
A lighter fluid will gravitate upon a heavier. 


f you ſuck up fair water in a ſlender glaſs pipe, to the height of three 


4 our inches, nimbly ſtop the upper orifice with your finger, plunge the 


er into a glaſs of oil of rurpentine, till the ſurface of the oil in the veſſel 

WW ſomewhat higher than that of the water in the tube, and then, laſtly, 

Wove your finger; the water will not fall out, but continue ſuſpended by 
preſſure of the oil; as appears evident from the foregoing propoſition, 
ereof this is only the couverſe. And if either more oil be poured into 
oeeſſel, or the tube be immerſed deeper therein, the water will be baoy*'d. 
towards the top of the pipe; that is to ſay, a heavier fluid will be raiſed 
Mz lighter. Since then, by the preceding propoſition, the liquor riſes 
ee pipe by the gravity of the external fluid, it follows, that a lighter 
or will gravitate upon a heavier. 


COanSGLLAREY. G4 

As the ſurface of the oil in the tube, was always, in the former experi- 
Wnt, higher than that of the external water, ſo here, the ſurface of the 
er in the pipe, will conſtantly be lower than that of the oil; becauſe 


dn account of its greater gravity, preſs as much upon the part I, as the 
WK I, IL, which is ſpecifically lighter than it, does upon the other 
ts of the ſame plain EF. 

A SCHOLIA. 

This ſecond paradox may be farther confirm'd from the common phe- 
ena of glaſs bubbles, the explication whereof is as follows. The bub- 


7 0 K, conſiſting of glaſs, which is ſpecifically heavier than air, which is Fig. 6. 


er than water, and of water itſelf; whilſt the whole compoſition is 
er chan an equal bulk of water, it will float; but if it grows heavier 
(o much water, it muſt, according to the laws of hydroſtatics, fink. 
en, therefore, there happens any conſiderable preſſure upon the water 
rein the buBble is generally immerſed; ſince glaſs is a ſolid body, and 


e vulgar, is only the exceſs of their «© parative and apparent levity, is the ex- 
al weight above that of the air. And, 6c bels or a t cir real gra- 
_ ; they call thoſe things light, „ vity either exceeds or falls ſhort of the 
1 leſs heavy than the air, | © gravity of water. But whatever bodies 
nd yielding to its greater gravity, „ neither deſcend by pregravitating, nor 
_ upwards. But theſe bodies are * aſcend by yielding to one that pregravi-- 
dnly 8 light, not really ſo; *« tates; tho' they ſtill, by their real weights 

£ ey will deſcend in vacuo. Thus *« increaſe the weight of the whole; yet 
0 = which by reaſon of their greater « comparatively, and in a popular ſenſe, 
P els gravity, deſcend or aſcend. in they do not weigh in water." Newton, 
ater, are but comparatively and ap- Princip. p. 264. 
parently heavy or light; and their com- 


water 


STATICS. 


Www 


| the plain E F, the cylinder of water I G, contain'd in the pipe IH, will Ng. 5: 
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STATICS. Water incompreſſable, but the air included in the bubble, elaſtic, and eaſt 
LLYRL compreſſed ; this will ſhrink, and fo poſieſling leſs ſpace than before, g 
contiguous wat wiil ſucceed in its place; which being a body that;, 
thouſand times ſpecifically heavier than air, the bubble thereby becom 
heavier than an equal bulk of water, and conſequently finks : but, ups 
the removal of this preſſure, the pent- up air will, by its own ſpring, g. 
itſelf from the intruding water; whence the compoſition of the byhj. 
growing lighter than an equal bulk of water, it will, from the botty; 
immediately emerge to the top. 

2. Into a long glaſs pipe, ſealed at one end and open at the other, py, 
common water, till about half a yard thereof remains unhlÞPd. Ing. 
next place poiſe a glaſs bubble, with a ſlender neck, ſo that a ſmall y 
dition of weight would ſink it; and ors it on the ſurface of the water, 
the tube; then continue pouring oil of turpentine gently thereon, till iti 
to a ſufficient height; when the bubble will deſcend to the bottom, 2 
there continue as long as the oil remains at that height above the wiz 
The reaſon whereof is, that the oil, tho' lighter than water, gravity; 
upon that fluid below it, and thereby forces a part thereof into the op 
orifice in the neck of the bubble, which thence becomes heavier than: 
equal bulk of water, and conſequently deſcends to the bottom; andi 
cauſe of this ſubmerſion, the preſſure of the oil, continuing, it mult nem 
farily remain there. In confirmation hereof, it may be added, that ift 
cylinder of oil be diminiſh'd, or taken away, the bubble will again aſc: 
to the top of the water; becauſe the water being reliev'd from the pr! 
ſure of the oil, the air, by virtue of its own elaſticity, recovers its fom 
dimenſions, and thereby renders the bubble as light as before. 

3. The firſt paradox may, alſo, be confirmed by the following exp: 
ment. Having provided a tube and bubble, as juſt mention'd, pur 
water into the tube, to the height of 6 inches, then caſt in the bubbl; ud 
keep it conſtantly plung'd below the ſurface, whilſt more water is 
pour'd into the tube, to a conſiderable height; when, the bubble, vii 
before attempted to emerge, will by the additional weight of the incun- 
bent water, be depreſſed to the bottom of the tube, and there continu; 
whilſt the ſame weight of water remains. 

4. Tho? the weight of the incumbent water alone here cauſes the bu 
ble to ſink, yet, if it were not kept immerſed, a ſtill greater weight 
water would not depreſs it; becauſe, being left to itſelf, it would i 

With the fluid, and never permit the ſame to come ſufficiently above it 
that purpoſe. And that the weight of the incumbent water really (in 
the bubble, and keeps it at the bottom, appears from taking away a f. 
ficient part thereof; for, when that is done, the bubble will preſently, and | 
of itſelf, begin to float up towards the ſurface, from whence it may & 
ſily be made to ſubſide, by pouring back the ſame water that was takeno!! 

5. The reaſon why oil of tartar per deliquium, was not here made ul 
of, inſtead of fair water, is, that in ſuch ſmall pipes, as thoſe employ' 


about the firſt experiment, 1 found that liquor ſo ponderous, as oY 
| 0 


t com 


Nat firſ 
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Wy, that if a tube about 14 feet long, with one orifice placed 14 feet under 
Wer, be full of quick-filver, it will not all run out thereat, tho' the top 
We cxpoſed to the air, but ſtop at the height of one foot; becauſe the mo- 
ent it acquires in falling, muſt, probably cauſe the whole to come out. 
My own trials with quick-ſilver, and ſmall tubes, with this more favoura- 
le circumſtance of oil of turpentine, and oil of tartar, tempt me to ſuſ- 
ect, chat M. Paſchal never made the experiment, at leaſt, not in a tube ſo 
Arge as his ſcheme ſuppoſes. Experiments, that are only true in ſpecu- 
tion, ſhould be propoſed as ſuch, for they may often fail in practice. 

6. This ſecond paradox, I am ſenſible, contradicts the current opinion 
the ſchools, and even of many modern mathematicians, and writers in 
I ydroſtatics; but whether the cauſe of gravity be the truſion of any ſu- 
rior ſubſtance; or the magnetic attraction of the earth, c. there is in 
ery heavy body, a conſtant tendency towards the centre of the earth, 
Mat cannot be deſtroy'd by the interpoſition of another heavier body, tho? 
Ms nearer approach towards the centre, may be hindred thereby; the lat- 
Wr, from 1ts greater gravity, obtaining the lower place. But then, the 
We hter body tending downwards, muſt needs preſs upon the heavier that 
Mes in its way; and jointly therewith, preſs upon whatſoever body ſup- 
Ports them both, with a weight made up of their united gravities. Some 
en of learning are kept from acknowledging this truth, by finding that 
Nighter fluid, ſurrounded by a heavier, does not deſcend, but emerge to 
Wc top ; whence they conſider the former, not as a heavy body, but a 
ht one. Tis true, in reſpect of the heavier liquor, the leſs heavy may 
called light; yet it ſtill retains its own abſolute gravity, or tendency 
@wawards, as ſtrongly as before; tho? by a contrary and more power- 
endency of the contiguous liquor upwards, ſuch its endeavour does 
appear, Thus whilſt a piece of light wood emerges from under 
er, it retains its gravity in its aſcent, being only buoy'd up by the wa- 
if whoſe ſpecific gravity 1s the greater ; ſo that the ſum of the water, 
vc the aſcending wood, weighs more than the water alone would do; 
d therefore, when this wood floats, with ſome part above the ſurface of 
e water, a lighter body actually gravitates upon a heavier. Thus, alſo, 
re a man weigh'd in a balance, with a ſtone in his hand, which he lifts 
dove his head; tho' that may ſeem light, in reſpect of his body, yet it 
ſes nothing of its natural weight, neither during its aſcent, nor after- 
ards: for the hand that raiſes it up, will conſtant iy perceive its tendency 
dwnwards, and the ſtone; and the man together, will weigh no leſs in 
e icale, than if he did not ſupport it, but both were weigh'd a- part, 
Wd their reſpective weights afterwards added together. And thus, laſtly, 
a glaſs of water, with a large quantity of common falt, in powder, 
balanced in the ſcale, whilſt the ſalt gradually diſſolves and becomes 
e body with the water ; yet the weight here will not be diminiſh'd as the 
t comes to be ſupported by the fluid; but both together will gravitate. 
Pat firſt, on the ſcale that ſupports them. = Y K- 


be 
i 
7 


WD own into the oil of turpentine, whilſt the oil paſed upwards by it, along STaT1cs. 
ee other ſide of the tube: whence Iam ſurprized, that M. Paſcha! ſhould N., 
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Fig. 5. 


Fig. 7. 


of the body be, in either caſe, ſuppoſed, all the parts of the plain, whey, 


body be ſpecifically heavier than water, the tendency of 


tube, wherein the water is ſuſpended, be plunged deeper into the oil, i 
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F a body be wholly, or in part, immerſed below the ſurface of water, it; ly | 
part will be preſſed upwards by the water contiguous to it, from beneath, | 


This appears from the firſt experiment; for where-ever the loweſt pn 


in it reſts, are preſſed upwards. And if this force under the body be gre, 
er than that wherewith it tends downwards, 'twill buoy it up; but if u 
the COntiguoy 
fluid from beneath upwards, proves only ineffectual to raiſe or ſupporti 
but is by no meansdeſtroy*d; the heavy body being conſtantly reſiſted ai 
retarded by the water, as it would be in a pair of ſcales, were it hungy 
one end, and an equal bulk of water at the other end of the beam. 
The ſame truth is farther manifeſt from the third experiment; for ifth 


more oil be poured into the veſſel, the water in the tube will riſe the hight 
which could not happen, unleſs the oil, tho? ſpecifically lighter, pref 
againſt the lower ſurface of the water more forcibly than the water tend 
by its gravity, downwards. And even when the two fluids balance ad 
other, the oil continually preſſes upwards againſt the lower ſurface of th 
water; for herein conſiſts its conſtant reſiſtance to the perpetual endeavy: 
of the water to deſcend. And ſince the ſame phenomenon happens, vi: 
ther the water be ſuſpended in oil, or vice verſa, the propoſition hold: 
qually true, let the body be ſpecifically heavier, or lighter than the fu 


wherein it is immerſed. 


SCH OLIA. 
1. That water makes a reſiſtance to bodies which ſink therein, ö 
demonſtrated. Suppoſe the pipe E F contains oil of cloves, or an) de 
oil, that is ſpecifically heavier than water; that the oil in the tube, andi 
external water, are in equilibrium; and, laſtly, the pipe to be ſlowlyr 
ſed towards the top of the veſſel: tis evident, that drops of oil will, « 
ring the tube's aſcent, fall from the bottom thereof to that of the glabi 
but much more ſlowly than if they fell in the ſame manner thro? air. 
2. To compute the quantity of preſſure againſt the lower parts. Þ 
drop, ſuppoſe it to be G, touching the plain H I; we muſt obſerve, tt 
if the drop of oil were not there, its place would be ſupplied by an equ 
bulk of water, which being of the ſame ſpecific gravity with the ret 
the fluid in the veſſel, the ſurface H I would be every where equi} Þ 
preſſed, and conſequently no part thereof be diſplaced. But the drops 
oil being heavier than an equal bulk of water, that part of the ſurit 
whereon it reſts is more preſſed than any other equal part of the fant 
and therefore will give way to the deſcending drop. And as this mag 


be the caſe in all the other ſurfaces, as well as in H I, the drop will co" 
1 
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| YH guous part of the furface H I would be no more preſſed than the other 
ua! parts thereof, and confequently it would be neither depreſſed nor rai- 
but the drop G continue in the fame place: whenee we conclude, with 
cbimedes, and others, that a body immerſed in a fluid, of the ſame ſpe- 
Wc gravity with itſelf, will reſt at any affignable depth therein. Since, 
en, if the drop G be of the ſame ſpecific gravity with water, it will nei- 
Wer fink, nor emerge; if it be heavier, *cwill only fall by the weight 
eereby it exceeds an equal bulk of water; for this alone is the cauſe of 
=D deſcent, the other being wholly refifted by the water; and confequently 
oſes in the water the weight of an equal bulk of water, weighed in the 


=. This grand theorem is thus eaſily confirm'd by experiment. Hang 
iece of lead, tied to an horfe- hair, from one ſcale of an exact balance, 
ncerpoiſe it, and ſuffer the lead to fink down, and hang freely, in a veſ- 
of water; and you will find the former counterpoiſe much too heavy 
the lead, part of it, therefore, being taken away, till the balance be 
uced to an equilibrium, *tis eaſily ſeen what proportion of weight is 
in the water. If, then, another piece of lead be weigk'd in air, where 
uals, ſuppoſe, 22 ounces, and afterwards be hung to the fcale by an 
ſe- hair, as the former, and weigh'd in water, you may conclude that 
We ounces, (fuppoling lead to be to water as 12 to 1) put in the oppoſite 
e. will now reduce the beam, how uneven ſoever it might hang in the 
bd an horizontal poſition. 


COROLLARIEsS. 
Prom this preſſure of water againſt the lower ſurface of bodies im- 
ca therein, may be deduced the cauſe why light ſubſtances emerge to 
y thereof, which has hitherto remain'd an inexplicable phenomenon. 
oeſing, then, a pipe almoſt filled with oil of turpentine ; if, as in 
our brit experiment, the lower orifice be plunged under water, tho” not 
0 deep as the oil is high, and the upper end be gradually unſtopp'd, 
dil will fall in drops from the bottom of the tube, and preſently emerge 
e ſurface of the water; notwithſtanding they are preſſed as well down- 
us as upwards: the reaſon whereof is, that the upward tendeney of 
water, contiguous to the lower ſurface of the oil, is ſtronger than the 
ency of the oil, and the incumbent water downwards. Thus, when 


ower part of the drop G is more preſſed by the water than the upper 
M. becauſe upon the whole ſurface K IL there is only an uniform 
ure of the water AK BL, whilſt upon all the parts of the ſurface 
there lies a greater quantity of water, AH BI, except upon 
part N, where the oil G being lighter than an equal bulk of water, 
expoſed to a greater. preſſure from beneath, than its own-gravity, with 
ot the incumbent water, can reſiſt; it muſt neceſſarily give way, and 


DL. II, Q q i s be 


> falling, till it arrives at the bottom of the glaſs. And if the drop G STATICs. 
ere not ſpecifically heavier than water, but barely equal thereto, the con. 


drop G touches the two parallel plains HI, K L, *tis evident, that Fg. 
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STATICs, be impelled upwards. And as the ſame reaſoning holds for all the p,jy, 
iini aſcent, it mult conſequently be driven gradually to the ſurface, 3 
there float. Or, in other words, when any body, ſpecifically lighter th, 
water, is immerſed in that fluid, it ſuſtains the preſſure of two column; 
water, one againſt its upper, and the other againſt its lower part; and“ 
the height of theſe columns muſt be computed from the top of the wa. | R- 
the lower part of the immerſed body is preſſed upon by a column long: © 
than that which preſſes upon the upper, by the thickneſs of the boch tu. 
which therefore will be preſſed more upwards than downwards. And, 
greater difference there is in the ſpecific gravities of the water and the hi 
made uſe of, the ſwifter, ceteris paribus, will be the aſcent, becauſe of, 
greater preſſure upon all the other parts of our imaginary plain, than y, 
on that which is contiguous to the bottom of the aſcending body. 
2. Hence alſo we may ſolve that hydroſtatical problem; why if ty 
cylindrical pieces of wood, one of them twice the length of the other þ 
plunged to an equal depth under water, and thence ſuffer'd to emerg, uf 
Fig. 7. the ſame time, the longer gains the top before the ſhorter : for ſuppoſ:(} 
| to be one of theſe bodies, and two feet long, QR the other, and one fox 
| and that they both reſt upon the ſame plain, parallel to the upper ſur 
| of the water, and three ſeet diſtant therefrom ; there will be a lateral pr; 
ſure of the incumbent water upon the lower ends of each of theſe bois 
as great as that upon the equal parts of the plain whereon they reſt; & 
upon the upper end of the ſhorter body Q R there will preſs a colum- 
water two. feet high, whilſt the taller P O ſuſtains. only a pillar of « 
foot; ſo that both being ſpecifically lighter than water, they will bei 
| pelPd upwards : but the column conſiſting of one foot of wood, andi 
| feet of water, will, by its gravity, reſiſt this impulſe more than that? 
is made up of two feet of wood, and but one of water; whence the © RF + * 
of their unequal velocities is evident. þ 
3. From hence alſo we may probably deduce the reaſon why, indili WF 7 
ling aromatic oils, with water, the whitiſh liquor, which frequent]y cn 
| over, long continues turbid ; for this chiefly proceeds from the excess 
minuteneſs of the drops whereof it conſiſts, allowing the height 0 ® 
water, preſſing upon the upper part thereof, to be almoſt as great li 
which preſſes againſt the lower, ſo that the drops are raiſed but veryl 
ly, tho? they will, at length, emerge; eſpecially when, by their ircqu 
occurſions, they have form'd drops of a larger ſize. | 
4. From this propoſition it likewiſe follows, that all bodies font 
upon a fluid, fink till the irimmerſed part be exactly equal in bulk to 
a quantity of the fluid as equals the whole weight of each body. F 
Fig. 8. ſtance, if V be a cubic yard of wood, 6 pounds in weight; ſince 't 
vier than air, it will ſink. in water, ſuppoſe to the plain X W, wires 
muſt neceſſarily reſt ;. for all the other equal parts of that plain X \ 
ing preſſed upon by columns of water, equal in height to X A, if the Rl 


weight of the cube be greater than that of as much water as qu? 
| Immeſ 
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vnerſed part thereof, it mult fink lower, becauſe the ſuhjacent part at V, Sr Aries. 

WE 11 chen be more charged than the reſt, On the contrary, if the cube K 

Nee lighter than the water, whoſe place the immerſed part poſſeſſes, it 

WE, by the greater preſſure of the water upon the other parts of the 

| in x w, than upon that contiguous to the wood at V, be impell'd up- 

eas, till the preſſure of the whole cube upon the part that ſuſtains it be 

al to that of the water upon the reſt of the plain, and conſequently 

the ſime with the water whoſe place the immerſed part poſſeſſes; the 

ness of that part, in reſpect of ſo much water, being compenſated 

che weight of what remains unimmerſed above the level of the water. 

us, when a piece of wood is thrown into water, tho* the moment it ac- 

es in falling carries it thro? many imaginary plains below its proper 

on; yet the ſuperior preſſure to which each of thoſe plains is expoſed 

WS other parts, but in that contiguous t6 the bottom of the wood, 

1 oy impels it up again, till at length it reſts in the place we have aſ- 
d it. 


SCHOLIUM. 
his ingenious and uſeful propoſition, relating to floating bodies, is 
hematically demonſtrated by Archimedes and his commentators, and 
my. be farther manifeſted to the eye by the following experiment. Having 
red a convenient quantity of water into a large deep glaſs, and placed 
ber deeper, that was properly ſhaped for ſwimming, within it; we 
iſh'd the latter with balaſt, a deck, and other parts of a ſhip, till it 
down to ſome particular marks we had placed on the outſide. Then 
ving how high the water reach'd in the larger veſſel, we carefully 
d two or three marks in a level with the horizontal ſurface of the 
and taking out the floating glaſs, we wiped the outſide dry, and 
'd it, with all its rigging, in an exact pair of ſcales, and afterwards 


& 


7 
| 


11. an equal weight of water into the large glaſs, which we found reach'd 
_ the marks whereto our counterfeit ſhip had raiſed it. This experi- 
hers we ſeveral times repeated in veſſels of different ſizes, ſhapes, and la- 
—_—_ From whence it appears, that the floating veſſel, with all it con- 
.. WF and ſupported, was equal in weight to the water whoſe bulk equall'd 
— werſed part of the veſſel, had it been cut off from the other, by a 
fre 1 continu'd from the horizontal ſurface of the water. This theorem, 

1 what we have brought to confirm or illuſtrate it, may be apply'd, 
ad is mutandis, to a ſhip with all her rigging and lading ; for *tis uni- 
— J that the weight of a floating body equals that of the water whoſe 
ge the immerſed part poſſeſſes. And hence the learned Stevinus ſome- 
0 ſays, that a whole ſhip, with whatever belongs to it, preſſes no 
6 upon the bottom it floats over, than a bulk of water equal to the 


rſed part of its hull. 
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A compelent preſſure of an external fluid is, alone, ſufficient to raiſe the Waty 


in pumps. 


The truth of this propoſition may appear from the preceding experi 
ments; however, we ſhall give ita farther illuſt ration and proof, as folloy 


Suck deeply tinged water into a ſlender glaſs- pipe, to the height of 2 
inch; and nimbly ſtopping the upper orifice, immerſe the lower end im 
a glaſs half filPd with the ſame tinged liquor, till the ſurface of that in t 


pipe be an inch below the top of the external fluid; next, pour oil of ty. 


pent ine thereon, till it ſwim three or four inches above the water; ver 
eaſing your finger, gently, from the upper orifice of the pipe, to admit; 
communication between the internal and external air, the liquor in t 
tube will be impell'd up almoſt as high as the ſurface of the external ai 


Now, it cannot here be pretended, that the aſcent of the liquor, in ti 


pipe, is owing to nature's abhorrence of a Vacuum; ſince, as the pipe 


full of air, and its orifice open, there's no danger of a Vacuum, tho th 


water did not rife ; the air and water remaining contiguous as befor. 
The true reaſon, then, of this afcent, is, that upon all the other parts d 
the imaginary plain cutting the immerſed end of the tube, there is a pre 
ſure of water and oil fwimming thereon, equal to four or five inches heigh 
of water; whilſt, upon that part where the liquor contain'd in the pi: 
reſts, there is only the preſſure of one inch of water; whence the pim 
near the immerſed orifice, muſt be neceſſarily thruſt out of their place 
thoſe of the water that are more preſſed, till ſo much liquor be forced i 
into the pipe, as makes the preſſure on that part of the ĩmaginary plan 
equal to that of every other fuch part; when the water will riſe fir 
ther, but by reaſon of the equilibrium, reſt a little below the ſurf df 
the oil; the ſpecific gravity of this being lefs than that of water. In like 
manner, it may happen in pumps; for as the oil of turpentine, tho! ligt 
than: water, by refting upon the furface of the external fluid, forces 
the liquor, within the pipe, far above the external water; fo the air, tid 
lighter than oil of turpentine, reaching to the height of many miles, n 
reſting, upon the water in a well, will preſs that water up the cylindri 
cavity of a pump much higher, if all impediments were removed, tir 
the ſurrounding water. Now the obſtacle here is either the ſucker, or 
preſſure of the external air; the whole uſe of the ſucker is, therefore, 
free the water in the pipe from any impediment to its aſcent; as, in 
experiment, the ſides of the tube ſufficiently defend the water therein fn 
any preſſure of the external oil that might obſtruct its riſing. Laſily, ® 
the liquor in our pipe was forced up, tilb the cy linder raiſed, became ali 


lance to the preſſure of the water and oil on the outſide; ſo in pumps ir 


water riſcs but to a certain height, viz. thirty-three, or thirty- four 8 '4 


beyond which it cannot be impell'd; becauſe at that ſtandard the preſiur 


7 


of. the water in the pump upon that part of the imaginary plain where! 
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WE; on ſo much of the external water and atmoſphere as reſts thereon. And 
Wis may ſuffice to ſhew, that nothing more than a competent weight of 
Z Ln excetnal fluid, ſuch as the air, is requiſite to faiſe the water in pumps. 


SCH OLIUM. | 

For a fatther conflitmation of this propoſition, and, at the ſame time, 
to ſhew that a ſmall quantity of quick-filver may be ſuſpended in an open 
tube; 1 ſhall here offer another experiment. Havitig ſuck'd into the lower 
end of an open glaſs- tube, the diameter of whoſe bore was above the ſixth 
Wof an inch, near half an inch height of quick- ſilver, and nimbly ſtopped 
the upper end with my finger; I plunged the mercury into a | dee glaſs of 
Toi! of turpentine, being cateful not to open the upper orifice, till the quick- 
ſilver was ſunk eighteen or twenty times its own height below the ſurface 
of the oil; after which, it remain'd ſaſpended, while the tube continued 
Wnſtopped: and as if I raifed it towards the upper ſurface of the oil, it 
$7 0u1d drop out; ſo if I depreſſed it deeper into that fluid, it would be 
Spelled higher up into the pipe: and, by this means, ſo ponderous a 
Pody as mercury was trade ſometimes to riſe, and ſometimes to fall, but 
ill to continue fuppetted by a liquor ſpecifically lighter than common 
Wpirit of wine. This experiment, however, may eafily miſcarry, unlefs 
Freat care be uſed ; and, after all, the oil will ſoon inſinuate itſelf between 


i Ihe ſides of the pipe, and ſo ſhort a cylinder of mercury; for which rea- 
rt on, 1 here prefer water to oil of turpentine. 

ov 3 

v0 CO GEaAL ARY; 

Fl Since a cylinder of mercury, about thirty inches high, is equal in weight 
ar > one of water, about the height of thirty-three, or thirty-four feet; tis 


ident, that the preſſure of the external air, which can raiſe and ſuſpend 
at height of water, will do the fame to the proportionable one of mer- 


2 
* # 


Fury, in the Torricellian experiment. 


1] PAN ADO KX. V. | 
e proſure of anexternal fluid will keep an heterogeneous liquor ſuſpended at the 
| ſame height, in tubes of very different bores. 


E 
incl 


Wil 

ori Pour a ſufficient quantity of deeply tinged water into a clear, deep, 
re, V ride mouth'd glaſs, and cloſe it with a broad, thin cork, wherein various 
n i oond holes, of different magnitudes, have been burnt ; into each of whick 
n trol ou may thruſt an open glaſs-tube of a correſponding ſize, ſo that they 
ly, 8 ay ſtand parallel to one another, and perpendicular to the ſurface of che 
eabt md, wherein they are immerſed. Beſides theſe holes, another aperture 
5, EP" uſt be made in the cork, to receive the ſmall end of a glaſs- funnel, by 
r fe veans whereof, oil may be conveyed into the veſſel, when ſtopped; and 
rel n the ſlender part of this funnel, *tis proper to place ſome cotton, to break 
rein he force of the deſcending oil, which might otherwiſe fruſtrate the expe- 


2 . riment. 


lower orifice lies, is the ſame with that the other equal parts thereof ſuſtain, ST AT1&s. 
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WV nel, till the tinged water be preſſed up into all the pipes, and riſe to 


conſiderable height therein, above the lower ſurface of the oil; when you! 
plainly perceive the liquor to ſtand at the ſame level, both in the greater 
and ſmaller tubes, while in each it is plainly ſuſta in'd at that height above 
che other water, by the preſſure of the external oil; which being ſpecig. 
cally lighter than water, its ſurface will remain ſomewhat higher on th; 
outſide of the tubes, than the tinged water they contain. And it, by meat 
of a ſyphon, apply'd in the place of the funnel, the oil be gradually 
drawn off from the water; as the depth and preſſure of the ſame decreaſe, 
the liquor in all the pipes, both great and ſmall, will gradually ſubſide 
For, ſuppoſe E F, the ſurface of the water within-ſide of the tubes, as wel 
as without them, before any oil ſwims upon it; the lightneſs of that fluid, 
compared to water, will prevent. it, when pour'd thereon, from getting 
into the cavity of the pipes L, M, N: and, therefore, riſing on the outid: 
thereof, it muſt, by its gravity, preſs the water, and impel it up into 
them. And if the upper ſurface of the oil reach to GH, and that of the 
water deſcend to I K; by means of the quantity of oil made uſe of, th: 
liquor in the pipes ought to have its ſeveral upper ſurfaces in the ſame 
level with each other, notwithſtanding the great inequality of their bore; 
ſince that part of the plain I K, whereon reſts the circular orifice of the 
largeſt tube L, is no more preſſed by the incumbent water, than any other 
equal part of the ſame is by the oil it ſuſtains; the oil having only an 
additional height on the plain I K, to balance the preſſure of the liquor i 
the pipe. And tho? the tube L were twice its preſent bigneſs, *rwoull 
but preſs the ſubjacent plain I K, equally with the oil on the other equal 

parts. Nor ought this preſſure of the external oil to raiſe the water in 

the ſlender pipe N, above the ſurface Q, in the ſame level with O; for 

were the liquor higher in the ſmall pipe, it mult preſs that part of the plan 

I'K,/whereon it reſts with a force ſuperior to that of the oil upon tit 

other parts of I K, which is greater than the oil could reſiſt; whence, con- 
ſequeatly, the liquor in the ſlender pipe muſt ſubſide, till its ſurface fail 
below that of the external oil; for, till then, the different fluids cannot rel 
in equilibrium. In a word, it matters not how wide the cylinder of watt 
be, which the oil is to ſupport, provided it riſe no higher than the diff. 
rence in the ſpecific gravities of the two fluids will admit of; for in thus 
caſe, . the preſſure of water on the ſuſtaining part of the plain, will be 
equal to the preſſure of the external oil on all the other parts thereof 
and, conſequently, the two liquors muſt remain perfectly balanced. 


9 CiE OL 1A. 

1. It may here be obſerv'd, that there's no neceſſity the glaſs· tube 
L, M, N, ſhould be of the ſame length; ſince, as their lower orifices ar 
open, the liquor will riſe to the ſame height within them, tho? they lie net 
in the ſame plain below the water. 
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narrow; or, in caſe they are, that allowance be made for the property of 


W.:cer's riſing in them to a greater height, than can be attributed to the 
alance either of water or oil, that keeps it there ſuſpended. 


PARADOX VI. 


Hie direct preſſure ſuſtain'd by a body, placed any where under water, with its 
= upper ſurface parallel to the horizon, 1s that of a column of water, whoſe baſe 


is the horizontal ſuperſficies of the body, and height the perpendicular depth of 


its preſſure is to be eſtimated by a column of the ſame, the baſe whereof equals 


1 the lower orifice of the pipe, and height a per pendicular from thence io the top 


ef the water * and this, tho" the pipes ſtand obliquely, be irregularly ſhaped, 


| | cr Wider in ſome parts than the ſaid orifice. 


The former part of our propoſition we might, with S/eviaus, make more 


ure of water, whoſe baſe DC, is parallel to the horizon, and height GE, 
perpendicular let fall from the upper to the lower ſurface of the water; 
Af that part of the baſe E F, be charged with more water than GE FH, 


ple, to come from AGED, and HB CF: then, for the ſame reaſon, the 
Saſ: DE, will have more water incumbent thereon than AGED; and 
Wc like may be faid of FC, whence the whole baſe DC will ſuſtain a 
Wreater weight than that of the whole water ABCD, which is abſurd. 
Wy the like reaſoning we prove that the baſe DC, ſuſtains no leſs a weight 
an that of the water GHFE; ſince, then, it ſuſtains neither a greater 


eight nor a leſs, than the column of water GHFE, it muſt exactly 


A 


{tain the ſame. 


4 o this demonſtration we ſhall annex ſenſible experiments, to confirm 
n illuſtrate each part of our propoſition. Firſt then, ſuck oil of turpen- Fig. 11. 


We into a flender glaſs ſyphon, till it fill the ſhorter leg, and riſe two or 
W:ree inches high in the longer; then nimbly ſtop the upper orifice with 
our linger, and plunge the lower part of the ſyphon into a deep glaſs of 
Pater, till the ſurface of the oil in the longer leg riſes but little higher 
an that of che external water, and upon removing your finger, the ſur- 
Ace of the oil will either entirely, or almoſt, preſerve its former ſtation; 
| ven if the ſy phon be immerſed deeper, the oil in the ſhorter leg will be 
W-p7cls'd ; but upon gently raiſing the ſyphon towards the top of the wa- 


„it will exceed its former ſtation, gradually flow out in drops, and 
F'rge to the ſurface, Now, fince the water, at firſt, kept the oil in the 
Ponger leg, ſuſpended no higher than it would have been by a cylinder of 
Pater, cqual in baſis to the orifice of the ſhorter leg, and reaching, in 
gch, from thence to the top of the water, as may be eaſily ſeen in a 
hon with legs ſufficiently long; and ſince, when by raiſing the ſyphon, 

; 2 the 


the water z and if the water preſſing upon a body, be contained in open tubes, 


303 


2. we all along ſuppoſe, and particularly in the laſt experiment, that Sr Artes. 
ie ſmalleſt glaſs tubes employ'd are of a moderate ſize, and not exceeding 


gencral, and thus demonſtrate. Suppoſe AB CD, a ſolid rectangular fi- Eig. 10. 


1 


he overplus muſt come from the adjacent water; ſuppoſe it then, if poſſi- nd 
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STAT1Cs. the height of the incumbent water was diminiſh'd, the oil overbalangyg 
W the water, and run out; it may be fairly concluded, that tho? much ofth 


Fig. 13. 


water in the veſſel lay higher than the immerſed orifice of the ſy phon, yy 
no more gravitated thereon, than what ſtood directly over it; that is, (ug 
a column as our paradox requires. | 


COROLLARY. 
It follows from hence, that water may preſs as regularly upon an in, 


merſed body, when not reſtrained by pipes, as when included in them; w 


may, therefore, properly conceive a particular column of water, tho 
has no actual bounds, in an unlimited quantity of the fame fluid. 

The firſt part of our paradox holds equally true, whether the incumbay 
water be free or confined in veſſels of any irregular ſhape. Thus, tho' the 
ſhorter leg of the ſy phon be faſhyon'd into a funnel, and filled with water 
the oil in the other leg will reſiſt the preſſure thereof, fo, that the furfa 
of the oil in the longer leg will riſe but little above that of the water in th 
funnel. For farther confirmation hereof, we try*d the experiment in 
ſyphon, in one leg whereof, a glaſs ſphere was made to communica 
with the upper parts of the ſame. Into the uniform leg of this fyphon, we 
poured a proper quantity of oil of turpentine, and fill'd the lower and g 
bular part of the other with water; which proved inſufficient to ſuſtay 
the oil at a greater height, than if this leg alſo had been uniform: all ; 
water in the ſpherical cavity, which fell not directly over the lower orif 
thereof, being ſupported by the ſides of the ſame. And when the ins 
gular leg was fill'd with oil, and the other with water, the former fu 
would not ſuſtain the latter to an equal height, notwithſtanding its excel 
of quantity contain'd in the concave ſphere. To clear up this matter fil 
farther, we poured mercury into the ſyphon ABCD, till it anat. 
reach'd the bottom of the globular: part, in the ſhorter leg, and wn 
equal height in the longer; then letting a proper quantity of water im 
into the longer leg, it impell'd the mercury in the ſhorter leg, till 
more than half fill'd the cavity of the ſpherical part E, the tube Ah 
not proving ſufficiently long to allow of its being quite fill'd; when 
obſerv'd the ſurface of the quick-ſilver H G, to lie as high as the different 
ſpecific gravities of the two fluids requir'd: ſo that notwithſtanding d 
great weight of the mercury contain'd in the concave ſphere E, no mot 
preſſed upon the ſubjacent-ſlender part of the leg EC, than ſtood diredl 
over its lower orifice: whence the water in the leg A B, appear'd preſil 
only as much as if the leg CD had been uniform, and without the ſphett 
cal cavity E. And thus, if the ſphere. had been made larger, a {ma 
quantity ot water in the leg AB, would have ſomewhat ralſed a mul 
greater, weight of mercury than its own: 

The ſecond part of: our preſent propoſition is proved thus. We rod 
three open glaſs pipes, of the-irregulur figures in the ſcheme, and plungl 
them in a glaſs, veſſel: of water, the two crooked ones ſtanding very 0 


lique to the upper ſurface thereof, and the-higher-ends of them all oY 
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Wy particular trait holes made in a cork fitted to the veſſel's mouth, STATI1cs. 
ua che water aſcended to a certain height, thro? the lower orifice f 
Wery pipe; then pouring a conſiderable quantity of oil of turpentine 
o' a funnel, into the veſſel, the water was thereby impelled to the ſame 
aht, of two or three inches, into the ſeveral tubes: whence *tis appa- 
t, that notwithſtanding the irregularity of ſhape in the pipes, and the 
W-rent wideneſs in each of their bores, the preſſure of the contain'd wa- 
& upon their lower ofifices did not exceed that of five cylinders of the 
e, with each of thoſe orifices for baſes, and the perpendicular depth of 
water and oil therefrom for their height. For had each of the pipes 
Prain'd only ſuch a cylinder, its upper ſurface would have ſtood at the 
Wc height; and if it did not depreſs the ſubjacent fluid as much as the 
ernal force tended to raiſe it, that exceſs of preſſure muſt have impelled 
igher. Since then the water roſe to the ſame height in the ſeveral pipes, 

8 two of them, being greatly inclined, contain'd much more water 

Wn if they had ſtood erect; by a like way of reaſoning, we may con- 
e, that the imaginary plain cutting their immerſed ends, ſuſtain'd no 
ter preſſure than that of a ſhorter erect cylinder of water. For in all 
s where the pipe is either inclined, or wider in one part than in another, 
weight of the liquor it contains is not wholly ſupported by the body 
Mtizuous to the lower orifice, but in ſome meaſure by the ſides of the 
We. Thus when oil of turpentine, in a ſlender tube, balances the preſſure 
he external water, if the tube be barely inclined to the ſides of the 
Waining glaſs, a conſiderable quantity of water will get up into the 
8; becauſe the oil no longer reſting wholly upon the water, but partly 
che tube, its preſſure on the water is diminiſhed, while that, conti- 
its force, impels up the oil, and intrudes it into the pipe; which be- 
eſtored to a perpendicular poſition, the oil will again depreſs, and 
che water out of its cavity. We farther cauſed three pipes to be Fig. 14. 
differently from the former, and filled their winding and irregular 
ans as alſo their uniform ſtems, to a proper height, with oil of turpen- 
we then plung'd them to a due depth under water, and there unſtop- 
pat heir upper ends, the ſurface of the oil they contain'd appear'd at the 
height above the water, it would have done had the tubes been ſtrait ; 
found by a cylindrical one fill'd and immerſed as the reſt ; tho? the 
ity of oil in one of theſe pipes were perhaps thrice as great as that in 
it one. Hence we may fairly conclude, that the preſſure of fluids 
i'd in pipes, muſt be computed by their perpendicular height, how 
org, or irregular ſoever they are. 


— e 


SCHOLIUM. 
e learned Stevinus has a corollary from the preceding propoſition, to 
urpoſe. If thro' the upper ſurface of a concave cylinder, an open 
1Cal tube be erected perpendicularly, and the whole united cavity of 
bd with water, the bottom circle will ſuſtain a preſſure equal to that 
1 _ of water whoſe baſis A of the veſſel, and height that 5 
V. II. r tne 
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dhe following manner. 


Fig. 15. 


Fig. 16. 
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STATics. the tube therefrom. The truth of this paradox we attempted to try z 


Having provided a latton veſſel AB EH GI 


furniſh'd with a falſe wooden bottom CD, which was cover'd with a 5, A1. 
bladder, and oiled about the lower edges, to facilitate its riſing from th 
rim of wood H G, that lay every where contiguous to the inſide of th 


metal, and kept the water from paſſing between; to the middle of th l Be 


the column H G, tis plain that if the veſſel 
were open at H, the column G H would 
aſcend till it balanced the column B F ; but 
fince it cannot aſcend at H, the water there 
muſt be preſs'd back by the obſtacle, with a 
force equal to the weight of B L, for action 
and re- action are equal; and all preſſure here 
being reciprocal, the water at G will preſs 
againſt the bottom of the veſſel with the 
ſame force. Now as the weight of the 
column GH, is added to the former, the 
force of the water's preſſure at G will be 
the fame as if the column G H were of 
equal height with the column F B, that is, 
as if it reach'd to M. And the ſame rea- 
ſoning 1s applicable to all the other columns 
in the veſſel; conſequently the bottom of 
it, E D, will ſuſtain the ſame preſſure as if 
the veſſel were fill'd up to NO. 

This ſurprizing property in fluids ſeems 
applicable to conſiderable purpoſes, as it 


pany 


| R 


looſe bottom we alſo faſten'd a ſtrong ſtring, which came gut at the orig hen. 
A. Thro' this orifice we then pour'd in water, which preſſing the fi nd t 
bottom C D, help'd to tighten the veſſel, and keep its parts cloſe. Wha nd 1 
the whole cavity was fill'd, we faſten'd the upper end of the ſtring 4, % F. 
the beam of a balance, and gradually placed weights in the oppoſite ſc, pil 1 
till they elevated the falſe bottom C D from the rim N G, and conſequenyh t E, 
lifted the incumbent water, which ſoon ran down between them. V Wrefli 
we had before-hand found what weight ſufficed to raiſe the bottom ( Would 
alone; deducting that, therefore, from the weight in the ſcale, and con Worcin 
paring the remainder with the weight of as much water as the ſhallow ,,eame x 
linder BECHGDF would alone, without taking notice of thatint he oi. 
pipe A B, contain; we found the preſſure upon CD ſo vaſtly greater ia e lat 
could be attributed to the whole quantity of water made uſe of, had it h ube b 
contain'd in an uniform cylinder of the ſame baſis with our inſttuna nder 
that we thought it ſome ſmall confirmation of Stevinus's doctrine tho Pearsf 
paradox itſelf be greatly queſtion'd by ſome men of learning.“ —_ 
3 
* 'Tis now an eſtabliſh'd propoſition, that ſhews us how an exceeding ſmall quiir rther 
fluids preſs not according to their quantity, of matter may be made to ſupply the p ral Pl 
but perpendicular altitude ; and may be de- of one infinitely larger. to th, 
monſtrated thus. | Thus, for inſtance, if the tube „, e 
Let ABCDFE be a veſſel full of water. AB, of the inverted ſyphon $ 1 cnt 
Now the column B F being heavier than ABCD, were cloſe ſhut, and the imal dnger 


pipe CD, fill'd with water to D, tht li 
tle quantity C D would exert ſuch air 
upon the larger A B C, that if the core! 
the great orifice were perforated, the it 
would be made to fly out thereat, as We 
ly, as if part of the little tube CD 
tain'd as much water as the great® 
AM. -. | 
Again, if two cylindrical emboli 
fitted to the tubes AB, and CD15 
weights laid upon them would be bali 
provided they were proportionable (0 
capacity of the tubes; that is, ſuppoe' 
capacity of the tube A B was four * 
greater than that of C D, one pony 
upon the little emboJus, would balance” 
force of four pounds upon the 9% 
And theſe experiments might be warte 
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PARADOX VII. 
I body, immerſed in a fluid, ſuſtains a lateral preſſure therefrom ; which increa- 
ſes with the depth whereto lis plunged. 
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Bend a ſmall glaſs tube at right angles, into a longer and a ſhorter part; Fig. 18. 


When, by ſuction, draw up oil of turpentine enough to fill the ſhorter, 
nd to riſe two or three inches high in the longer; nimbly ſtop the orifice, 
ad immerſe the lower end of the tube under water; fo that the longer leg, 
MM EF, may ſtand perpendicularly to the ſurface A B, and the ſurface of the 
Pil IK, but a little above the ſame AB; when, if the tube be unſtopp'd 
i Wt E, the oil will continue as it was, and, conſequently, there's a lateral 
Preſſure of the water againſt the oil contiguous to G; for, nothing elle 
18 Would hinder the perpendicular preſſure of the oil in the longer leg, from 
& Forcing it out; as will farther appear, by gently raiſing the tube, in the 
me poſture toward the top of the water; for, as the lower leg aſcends, 


ty Ihe oil will be driven out thereat, by the preſſure in the other. And that 


oo Wc lateral preſſure of the water againſt the lower orifice is, before the 
MF WFube be raiſed, nearly the ſame with the 2 preſſure of a cy- 
» | Finder of water, reaching from the orifice G, to the top of the water; ap- 


Pears from the ſurface of the oil in the longer leg, always continuing a lit- 
le above that of the water; as would happen, were a pipe of an equal 

ore, continued from the orifice G, to the top of the water at -H. But, 

WW frrther, if the ſy phon be plunged deeper into the water; the oil, by the la- 
ral preſſure thereof, will be gradually driven quite out of the ſhorter leg 
to the longer; and if you immerſe it ſtil] deeper, a cylinder of water will 
ſe in the ſame longer leg, and ſuſtain that of the oil, which is now no 
dnger able to balance the lateral preſſure of the water at ſo great a depth; 
eence we find, that water has alſo a lateral preſſure againſt water, which 
reaſes proportionably to the depth; for the external fluid, could not, 
ierwiſe, impel that of the ſhorter leg into the longer, which it does by 
eatly exceeding the reſiſtance of the whole cylinder of oil therein. But 
the tube be now gently raiſed again, and the lateral preſſure of the wa- 
Fr againſt the immerſed end thereby diminiſhed, the oil will force the 
Water firſt out of the longer leg, and then out of the ſhorter, till, at 
W"gth, it leaves the orifice G, and emerges in drops to the ſurface. 
ain, when the oil in the tube is a balance for the external water; if its 
Porter leg be kept parallel to the ſurface thereof, and moving backwards 
d forwards any way at the ſame depth therein, the oil in the longer leg 
il appear at the ſame height; from whence ' tis plain, a pillar of water, 
W ith a baſis equal to the fide of the body immerſed, may be any where 
pported in the containing veſſel ; and that tho? this imaginary column, as 
H, be not included in any firm ſurface, its lower parts have, by means 
che incumbent fluid, a lateral preſſure, tending outwards againſt its ima- 
mary ſides ; and laſtly, that this preſſure increaſes in proportion to the 
Fest of the column of water above them. To conclude, if Fg «4 
| Kr 2 old- 
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holding the longer leg of our tube in a perpendicular poſture, it be yy; 
ouſly inclined to different angles with the ſurface of the water AB, {, 


the orifice of the ſhorter leg E G, may ſometimes tend towards the toy, a 


at others, towards the bottom of the glaſs ; the oblique preſſure of j, 
water depends ſo entirely upon its height above the orifice G, that theg 
in the longer leg will ſtill continue with its ſurface I K, but little high 
chan that of AB. | 


SCHOLI A 

t. We once attempted to diſcover the quantity of this lateral preſin 
by the following experiment. Having obtain'd a-glafs bubble X, with, 
ſlender neck, whoſegravity fell very little ſhort of that of water; and provi 
a large wide-mouth'd glaſs, exactly fitted with a cork, perforated in themig 
dle, to receive, perpendicularly, a long, ſlender, glaſs pipe, that deſcends 
conſiderably below the cork, wherein, alſo, was another hole, near its edge 
for a ſecond ſmall pipe to paſs thro', whoſe upper end reaching only tw 


or three inches into the air, was firmly cloſed ; then the veſſel being fill 
with water, and the bubble ſuffer*'d to float thereon, the cork was appli, 


and well cemented to the mouth of the glaſs, ſo that nothing could pi 
in or out of the veſſel, except thro? the long ſlender pipe; all the other van 
being carefully ſtopped with cement. When things were thus prepare, 
and the bubble was made to float at a conſiderable diſtance from the dee 
immerſed end of the long tube, we poured water thro? its upper orificeh, 
which, for want of other vent, aſcended back again into the ſame d 
vity 3 and if the water therein was only permitted to riſe as high as] 
for inſtance, the bubble X, would ſtill continue a- float: but if the war: 
roſe to K, the bubble preſently fell to the bottom of the veſſel, and remain 
thereat while the water ſtood to the ſame height in the pipe EF; but ifthe 
height were diminiſh*d, by pouring ſome of the water off, the bubble wad 
re-aſcend. Hence we ſee, that the upper parts of water gravitate on ttt 
lower; and that, in a full veſſel, the ſame thing happens, tho? the forme 
be not directly incumbent on the latter, but at a conſiderable diſtus 
from the line of their direction; for the additional cylinder of water K. 
acting like any other heavy body upon the water, cauſes the bubble) 
to ſubſide. And, ſince the air included in this bubble, was remarkad) 
condenſed, it follows, that the cylinder of water KI, preſſed upon ti 
ſubjacent fluid in the veſſel ; for otherwiſe the air in the bubble could nl 
have been compreſs'd : and as this bubble floated on one fide, at a toleſ 
ble diſtance from the pipe E F, and above its lower orifice F; tis evidet 
that the cylinder of water IK, preſſes as well laterally, as directly, ups 
all the bodies that lie beneath its ſurface. And thus every aſſignable pi 
of the ſides of the veſſel, ſuſtains a preſſure proportionable to its depth 


der water, and its own magnitude: if, therefore, any part were ſo we 
as to yield to the weight of the cylinder IK (due allowance being ma 


for the obliquity of the preſſure) *twere unfit to enter the compoſitions 


our glaſs, Even the cork itſelf, reſiſts a preſſure proportionable to - 


bread 
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aach of its under ſurface, and the height of thecylinder KI; and might, STaTICs. 
creſore, if not too ſtrongly faſten'd, be raiſed thereby; ſo that if the ce N 
ent ould fail, the water would forcibly iſſue out of its vents. Thus, 
so, che ſtopple G, of the ſhort pipe GH, may, by this means, be vi- 
ently thruſt out of its place, as will more ſatisfactorily appear, by 
Wopping che orifice at G, with your finger, which will there be ſtrongly 
Wrc{s'd upwards. 

2. To ſhew that the very oblique preſſure ſuſtain'd by the bubble, from 
e water in the long tube, differ'd not conſiderably from that of water 
Flac'd directly over it, I ſet two ſuch bubbles ſeparately a- float in long cy- 
Wndrical glaſſes of water, when, if they were plunged but to a ſmall depth, 
ey would riſe again to the top; ſo that I was obliged to immerſe them 
Pa conſiderable depth, before the preſſure of the incumbent water would 
Ink them. | 

3. We may here alſo obſerve, how the preſſures of ſuch different flu- 
Ws, as air and water, will communicate. For, having ſometimes left a: 
mall part of our veſſel AB CD, unfill'd with water, fo that air remain'd. 
S:rween the ſurface LM, and the cork ; the preſſure: of the water in the 
Pipe from I to K, would, if the cork were tight, cauſe the bubble to 
Ink, as if the veſſel had been wholly fill'd with water; the compreſs'd and 
Impriſon'd air above LM, communicating the preſſure it receiv*d to the 
Sontiguous water. 


PA RADO X VIII. 
Water will as well depreſs, as ſupport a body ſpecifically lighter than itſelf. 


We have proved that the upper parts of fluids gravitate upon the lower, 
| bodies immerſed therein. Now, when a body is unequally preſſed, it 
t neceſſarily move from that place where the preſſure. is greateſt, to 
ere it is leaſt ; whence, if a quantity of oil, hath its upper ſurface alone, 
yoſed to the preſſure of water, and nothing be in the way to hinder its 
cent, the oil muſt neceſſarily be depreſs'd, and not buoy*d up thereby. 
0 illuſtrate this by an experiment; take a ſmall glaſs ſyphon EF GH, Fig. 20. 
ith its ſhorter leg GH, 3 or 4 inches long, and parallel to the other 
| F ; plunge the ſhorter into oil of turpentine, till it be quite fill'd, and the 
uid reaches to an equal height in the longer, as from F to 1; then ſtopping, 
i 1th your finger, the orifice E, of the longer leg, immerſe them both a little 
Inder water: remove your finger, and as you gradually plunge the ſy- 


en hon deeper, the oil, in its ſhorter leg, will ſink, and, at length, wholly 
paß 1 the longer; which ſufficiently proves and illuſtrates our propo- 

le Dal : | 

Ch ut 

weak | A SC It Q L234) AC 

, ma: t once to confirm the preſent paradox, the ſeventh, and the ſecond, I 


Pol a ſlender glaſs pipe OPN ML, and ſuck'd oil of turpentine into Fig, 21. 
| Ats 
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STATICS. its lower orifice L, till it reach'd to P, in the longer leg, in a level wich L. 
YR and, ſtopping the upper end O, with my finger, I plunged the tube tor 


Fig. 22. 


Fig. 23. 


convenient depth under water; when, removing my finger, the externy 
fluid farſt drove away the oil in LM, then depreſſed it from M to N. 
and laſtly, wholly impelled it into the longer leg NPO; ſo that. the ol 


was, here, evidently preſſed not only laterally, but alſo downwards, af 
upwards, 


PARIADOS K. 
Notwithſtanding the dofirine of poſitive levity, an oil, lighter than water, na 
be kept immerſed in that fluid. 


Since the ſurface of ſtagnant water is, phyſically ſpeaking, horizontal; 
that part which preſſes againſt the lower ſuperficies of an immerſ 
body, muſt be deeper than that which preſſes upon the upper: if, there 
fore, the water incumbent on the upper part of a body, can be made g 


ſtand at a greater height than the reſt of the fluid wherein *tis immerſe; 


ſo as to balance what preſſes againſt the lower; oil may be ſuſpendedhe 
twixt two parcels of water. To reduce this theory to practice, I ſuck 
water into a ſtrait, ſlender glaſs pipe T P, to the height of an inch, 2 
there held it ſuſpended, by ſtopping the upper orifice with my finger; tha 
plunging the lower end of the tube, two inches below the ſurface of ſon 
oil of turpentine, deeply tinged with copper, whereby the oil, drivingy 
the water, aſcended to the height of an inch in the lower end of the pipe; 
when, I again cloſed its upper end, to keep both liquors ſuſpended, | 
the next place, I plunged the tube into a glaſs of water, three or four 
inches below its ſurface ; ſo that the water, upon the removal of my fi 
ger, was preſſed into the lower end of the pipe P, to GY upthe 
oil QR, to R, and the incumbent water to TS; at which ſtations, tht 
three ſeveral parts of oil and water together, preſs upon P, as mum # 
the external water upon the other parts of the ſame plain G H; yet i 
oil QR, aſcends not, becauſe the water RS, is kept from deſcending 
low it, by the ſides of the tube; whilſt its upper ſurface TS, ſtands hight 
than A D, that of the reſt of the water: by which means, the incull 
bent fluid may be made to preſs upon the upper ſurface R, of the cylit 
der of oil, as forcibly as the water preſſes againſt Q, the lower furl 
of the ſame ; whence the oil will remain ſuſpended, : 


PARADOX X. 
The aſcent and flux of water in ſyphons, are explicable, without ſuppoſing! 


Fuga vacul. 


Provide a cylindrical glaſs AB CD, both wide and deep, as allo! 
ſyphon FKG, with unequal legs, communicating with a long cylindn 
pipe K E; to each leg of this ſyphon, fix a cylindrical glaſs I, and H, fill 

with water, as in the ſcheme, that the water may run from the big 


5 


a L N h 8 
> : 5 - a 
8 8 1 = IDIOP A 4 5 DO 
1 2 — — N 
Q < 
2 2 
8 1 
8 2 
: : = — 4 
8 enn 
* . 
= 8 5 1 
> N "IEA 1 Ui 
= = x 
= ' Dk — due 
5 $ ; - : —W 1 Ka — =s 5 
| 5 525888 E 


Hydroftatical Paradoxes. 311 


s, into the lower H ; then, while the pipe E K, is held ſtill, pourSTaTIcs. 

of turpentine, gently into the cylinder AB CP, till it riſe above the CY WV 

Wop of the ſyphon E KG; when the oil preſſing on the water, will raiſe it : 
co the legs of the ſyphon, and force it out of the veſſel I, into H: in which 
e, es manifeſt, the water runs thro? the ſyphon, whilſt the air has free 
amiſfion thereinto, at the orifice E; fo that nature's abhorrence of a va- 
Fuum, cannot be the cauſe of this flux. A uſt ſolution of the phenome- 
on may be had from conſidering the preſſure of the oil, and the ſituation 
f the veſſels ; for, that fluid aſcending higher than K, preſſes upon the ſur- 
ace of the external water, in the glaſſes I, and H, wherein the legs of the 
Wy phon are plunged, and forces it up into them ; bur as the exceſs of Wa- 
er in the glaſs I, proves an over-balance for the greater depth of oil in 
Ihe glaſs H, the water is obliged to run from the ſhorter leg into the longer. 
Ehus ic happens in ſyphons ; when once the water is brought to run thro' 
hem, the air gravitates upon the ſurface of the external fluid, wherein 
heir legs are plunged, and not upon that which they contain; and, there- 
Tore, tho' the incumbent air, ſtands a little higher over the fluid in the 
Jower veffel, than in the upper, yet the water in the longer leg, greatly 
dver-balancing that in the ſhorter, it muſt needs flow out at the latter. 
and the preſſure of the external air being able to raiſe water to a much 
greater height than that of the ſhorter leg, the efflux will continue till 
Jome other cauſe puta ſtop thereto. But if the legs of a ſyphon exceed 
35 feet in perpendicular altitude, the water will not flow thro* them; be- 
Fauſe the preſſure of the external air is unable to raiſe water to that 
Scight. So, likewiſe, were an hole made in the top of a ſyphon, whilſt 
Water was flowing thro? it, the flux would preſently ceaſe ; for the air, 
When preſſing, as well within as without the ſyphon, would return the 
Water in each leg to its proper veſſel. To confirm this particular, I pro- 
red two ſyphons, the one of tin, the other of glaſs, each of which had 
the upper part of its bend, a ſmall perforation, which I could top 
ich my finger, or open at pleaſure ; wherein I frequently perform'd the 
periment. And having once carefully ſtopp'd one of the above-men- 
Pon'd holes, with oiled paper and cement, and found the water to run 
Feely thro' the ſyphon ; yet a puncture made in the paper, by the point. 
Pt a needle, admitted air ſufficient to make the water in the legs fall back, 
Pefore I could poſſibly ſtop the needle quick enough into the hole to 


Prevent it. 


FARADO X II. 
be moſt ponderous ſolid body we know, immerſed in water to a depth excecding 
that of twenty times its own thickneſs, will float, if it be there fenced from the 
direct preſſure of the incumbent fluid. 


Leta deep glaſs veſſel A BCD, be almoſt fill'd with water; wherein if a Eg. 24. 
K mall cylinder of braſs EF, be immerſed, till its upper ſurface is juſt co- 
, and then let go; it muſt, by reaſon of its greater ſpecific gravity, 

| | neceſſa · 
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YN lies at above the depth of nine times the body's thickneſs below the upp 


Fig. 25. 


ſurface of the fluid; I aſſert that it would not deſcend, unleſs it were pry; 
ſed downwards by the weight of the incumbent fluid. For braf; being 
nearly nine times ſpecifically heavier than water, the body E F alone woyl, 
preſs upon the part F as much as a cylinder of water of an equal baſis, hy 
about nine times the height of the braſs; and conſequently the part F yij 
be no more depreſſed than any other part of the plain I K. Bur ſince vi 
ter gravitates on water, and alſo upon bodies heavier in /pecie than itſe}f 
if immerſed therein; the braſs cylinder E F, wherever it reſts in the fluid, 
muſt be forced downwards, both by its own weight, and that of the i. 
cumbent water. But were the incumbent water prevented from gravit. 
ting thereon, it follows, that the body would, at that depth, be kept (iſ. 
pended. And in caſe the body reſted, in like manner, upon the plin 
LM; the much greater preſſure of the water on the other parts ot the 
ſame ſurface would impel it upwards, with a force proportionable to the 
difference of their reſpective weights. 

And having found, by exact trials, that the pureſt gold, the moſt pon. 
derous body we know, is not quite twenty times ſo heavy as an equal bul; 
of water; if this metal, alſo, were immerſed into a greater depth tha 
that of twenty times its own thickneſs, and there fenced from the preſſur 
of the incumbent water, it muſt neceſſarily float. To confirm this by a 
experiment. Suppoſe the braſs body E F to be the cover of a braſs valr; 
and the valve itſelf ſtrongly cemented to an open glaſs pipe OP; when 
the body E F, being the lower part of the inſtrument, and every way dt. 
tached therefrom, would fall by its own weight, it unſupported. Then 
to the button Q faſten a thread, which, by being pulled upwards, mij 
cauſe E F to cloſe the orifice of the valve: the valve being now plung:i 
under water, to the depth of a foot, the cement, and the ſides of the pe 
O P, will prevent the fluid from preſſing upon the upper part of the boy 
E F, and conſequently that part of the plain VW contiguous to its [ur- 
face, will be preſs'd upon only by the weight of the body E F, but in i- 
other parts by that of the incumbent water; ſo that, letting go the ſiring 
which held the body E F cloſe to the inſtrument, that body will remain 
ſuſpended by the bare preſſure of the water beneath it. And that this 
lone is the cauſe of the phenomenon, appears by gently raiſing the inſir- 
ment towards the top of the water; for when it has aſcended near the fut. 
face, ſuppoſe between the plains IK, and XY, the body E F will/al 
down, and the water riſe in the pipe O P, to a level with that in the co 
taining veſſel. But if the valve be at firſt plunged much deeper under vi 
ter before the ſtring be relaxed, for inſtance, to the plain S8 R, the valre 
E F will require a conſiderable weight, as L, beſides its own, to £1sj0 
it: but if the weight prove inſufficient for the purpoſe, it may ſoon be ret 
der'd effectual, by raiſing the inſtrument, far leſs than before, towards 
the top of the water. 


C 0-7 
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COROLLARY. WY} 
This experiment renders it unneceſſary to fly to a Fuga vacui for a reaſon 
y two flat poliſh'd marbles, when they adhere, require a conſiderable 
rce to disjoin them; they being preſſed together by air of an immenſe 
ight, after a like manner with our valve, and the inſtrument, here, by 
ter; which requires the great weight L to over- balance it, ſo as to force 
em aſunder. | | 
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Applied to. 


O R E 8, 
And to the 


MATERIA MEDIC! 


SE CT. I. 


Foffils, their S the virtues of gems proceed, chiefly, from the metalline ad 


medicinal mineral ſubſtances, that, whilſt their original matter remain 
TT, either fluid or ſoft, are incorporated therewith, and after 


hardned into ſtones; ſo it ſeems very probable, that kx 
boles, clays, earths, and eſpecially minerals, &'c. may be endow'd wit 
conſiderable medicinal: virtues, and, perhaps, greater than thoſe of tt 
finer gems; becauſe herein are often found, more of the metallic and 
neral parts, which, whilſt in ſolutis principiis, might very plentifully ii 
nuate themſelves into the more open bodies, and there fit looſer tun 
diamonds, rubies, ſapphires, &c. which aqua fortis, itſelf, is unable 
penetrate and diſſolve. 


A new way of I, therefore, thought it might be of uſe to phyſicians, mineraliſts, = 


9 miners, to advance a new way of examining foſſils; for tho” = ay 
? em, * 70 2 be . it 0 ˖ 6 oc 
Patically. itſelf pretends not, directly, to diſcover more than one quality 


it examines; yet that quality, being its ſpecific gravity, is ſo conlideri% 
that 1t may lead one farther, than might at firſt be imagined. F 
Tts foundation. Reflecting that rock-cryſtal is of the moſt pure, and homogeneous 15 
of ſtones; I pitched upon this for the ſtandard, whereby to adjuſt ande 
ccrtain the purity and ſimplicity of other mineral ſubſtances, 
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The Hydroftatical Balance, 


be be exactly fill'd by one ounce of water; and afterwards, again, as 
actly fill'd by a cubical piece of rock-cryital, that bulk of the ſtone will 
eigh about two ounces and a half. Some of my trials, indeed, made with 
nder balances, repreſented the proportion of theſe two bodies, with a 
ry inconfiderable variation; but *cis probable, that different pieces of 
yital, tho of equal bulk, may not have preciſely the ſame weight : how- 
er, the difference is ſo ſmall, that it may here be ſafely neglected. 

And to prevent any ſcruple about the origin and nature of cryſtal, I 
Fall add, that I procured ſome ſtrong iſicles, that had been faſten*d to 
aults, Sc. as bodies that would be acknowledg'd true ſtones, and yet to 
Boe once been in a liquid form: and having hydroſtatically examin'd 
Peſe concretions, their ſpecific gravity appear'd to be little differing from 

dat of cryſtal. 

To apply this fundamental obſervation to the preſent occaſion ; when I 
$ould, with probability, diſcover whether the mere ſtony matter of a mine- 
| body were mix'd with ſome adventitious ſubſtance of a metalline na- 
re, or ot ſome other mineral more ponderous than cryſtal ; I carefully 
eigh'd it, as we ſaid, in air, and then in water: when, if its proportion 
p water of the ſame bulk, exceeded that of 2; to 1, or 5 to 2, I conclude 
probable, that the concrete had in it a portion of foreign matter ſpecifi- 
Ily heavier than cryſtal, proportionably to the exceſs of the weight of 


gc ſolid body above that of an equal bulk of water. To illuſtrate this 
Wocedure by example, 


ir and water; and found the ſpecific gravity of ſome of them ſo far to 
Need that of cryſtal, or marble, that we concluded they contain'd a con- 
rrable quantity of metalline matter, which, by collateral experiments 
pear'd to be ol a ferruginous nature. 
acri is commonly reputed a mere ſtone ; but finding its weight in wa- 
conſiderably to exceed that of an equal bulk of cryſtal ; for it was to 
r liquor nearly as 4 to 1 ; I conjectured that it contain'd a metalline ſub- 
Ince; as afterwards, by proper trials, 1 found it did. 
By the weight, alſo, ot Lapis Hematites on my hand, I conjectured, it 
gely partook of a metalline ingredient ; and preſently I diſcover'd that 
n or itce] was contain'd therein. And, in general, I have frequently 
IpcCted different bodies to be of a metalline or mineral nature, and was 
com miſtaken in my conjecture; tho? they have commonly been thought 
contain no ſuch ſubſtance. The ſame thing I likewiſe found true, even 
granats and American talc, from which I have extracted metalline parts. 


but we muſt here ſet down ſome preliminary obſervations. And firſt, Pre/iminary 


Propoſed foſſil be much lighter than an equal bulk of cryſtal, it . 


Sf 2 almoſt £77. 


By carefully weighing ſeveral pieces of native cryſtal, clear and colour- Sr Aries. 
s, firſt in air, and then in water, we found its proportion to clear Wa WW 
r, ot the ſame bulk, as 25 to 1, nearly. Thus, if a hollow, metalline 


The magnet, upon account of its great hardneſs, is uſually reckon'd Examples to il. 
ong ſtones; but having obſery*d a particular kind thereof, to be appa- Aral the 
ly more ponderous than common ſtone, of equal bulk, we weigh'd them * 
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STATICS, almoſt certain it cannot be a metalline ore; and this negative proof; her 
WAN uſually ſtronger than the affirmative kind. Thus, for inſtance, wh,,; i 
find that jet, tho? a foſſil, has a far leſs ſpecific gravity than cryſtal, 
conclude it to be no metalline body. The like determination I make 4, 
foſſil-· amber, Salſbur vivum, common ſulphur, Eugliſb and Venetian ti 
and ſome other firm concretions, which are dug out of the earth: amo 
which, I alſo rank black- lead. For having found its weight to that 
water as 1.86 to 8, I afterwards diſcovercd it to be not lead- ore, but apy, 
ticular kind of mineral, and near allied to a fort of talc that I have n 
with. 

2. We muſt diſtinguiſh between the ſeveral uſes to be made of foſſis h 
men of different profeſſionsg So that if a foſſil be found very little hen 
i ſpecie than eryſtal or marble, it may, poſſibly, have a metalline or mi 
ral portion, which, however ſmall in quantity, will perhaps entitle t 
the eſteem of a jeweller, phyſician, or chymiſt. But if this exceſs of j 
ſpecific gravity be inconſiderable, the foſſil itſelf will prove of little pris 
to a mineraliſt ; for if it be poor in metalline ſubſtance, it may chancen 
be hardly worth the working. 

3. But tho? the great ponderoſity of a foſſil generally proceeds fron; 
proper metalline ſubſtance embody'd with the other parts thereof, whit 
ſhews it not to be a mere ſtone ; yet this alone is not a ſure ſign that tt 
mineral part is properly metalline; and, therefore, where any doubt arif 
we ſhould have recourſe to collateral ſigns. For, beſides metalline ors 
properly ſo call'd, there are other foſſils, which, tho? of affinity to met 
may be diſtinguiſh*d from true metalline ores ; ſuch, for inſtance, areant- 
mony, biſmuth, Lapis Calaminaris, and marcaſites. But there will ng, 
perhaps, occur many cafes, wherein we need to have recourſe to coll 
ral ſigns, to ſhew whether the mineral part of a foſſil be, in a ſtrict ſal, 
of a metalline nature, or not. For ſuch ſemi- metals are moſt common 
found either in veins, maſſes, or great lumps of their reſpective kinds; and 
eaſily diſcover to what ſpecies they belong. I have, indeed, receiv'd alum 
of matter from Devon/hire, wherein J found ſome antimony mix'd vit 
lead, which was the predominant body. But ſuch mixtures occur (ok 
dom in England, that our way of eſtimating ponderous foffils, will, new 
theleſs, be uſeful on moſt occafions. 

4. Two different eſtimates may be made of the ſpecific gravity of ors 
one, when the body propoſed is weigh'd in its natural ſtate, that 1s, 8 
it comes out of the earth, accompanied with the ſpar, or other heteroꝶ 


_Vcve 


neous matter, that firmly adheres to it; and the other, after it has be band ft 
beaten ſmall, and ſeparated from heterogeneous ſubſtances by the help "Wi 6 pa 
water, after being skilfully agitated, wherein there is a remarkable differen 42 
in weight between theſe and the genuine parts of the ore; which being the | = q f 
ſever'd from the reſt, are call'd waſhed. Tis ſometimes, alſo, very ff ubliſhe 
per to prepare the ore by roaſting it once or more, or by keeping 1 in i fites : 
ſeveral hours in a competently ſtrong fire, as is ufually practiſed in 7 thers, 


paring copper ore; eſpecially it it be ſtubborn. I purpoſely mention "3 


10 


The Hydroftatical Balance. 


W :-fully. For ſeveral ores, which, in their natural ſtate, have too little 
W.-ciic gravity, to make them judg'd worth the charge of being wrought, 


ö bn, ſo ponderous, as to allow one to ſuſpect they contain either ſilver 
gold. I remember, that a piece of lead - ore, brought from relang, 
en'd to me ſo light in the lump, that I thought it deſerv'd not to be 


| Frought for lead; yet, afterward, upon trial, it appear'd fo well ſtor'd | 
With particles of ſilver, that I encourag'd the owner of the mine to work | 


Won examples from travels and voyages, I have myſelf met with numbers 
Who had great expectations from marcaſites. And I have receiv d not only 


jon was deſir'd; which I found to be only marcaſites. Many of theſe 
mails have two qualities, that make them fit to delude the vulgar; for, 
ey ſhew a multitude of ſhining ſtreaks, reſembling gold; or have, at the 
me time, a weight equal to that of true metalline ores: Marcaſites, 


rtain'd, that theſe promiſing foſſils were lumps of rich gold, or ſilver- 


Wc two things that delude ſo many, I ſhall give a few inſtances of the ſpe- 

fic gravity of marcaſites, to make it appear, that ſome of them are, bulk 
r bulk, far more ponderous than true metalline ores. And, indeed, the 
eat ponderoſity of foſſils, has ſeveral times occaſioned me to determine, 
fore trial, that they were marcaſites. But, to prevent being impos'd 


3 e, and blowing now and then with a pair of bellows ; for by this 
ans the ſulphur wherewith marcaſites abound, will take fire, and burn 


| one from three pounds of theſe ſtones. And, if when this foffil ceaſes'to 
E depriv*d of all its gaudy appearance, and turn'd to a- brittle, blackiſh 


ever, may be look'd upon as a kind of metalline bodies; for I. have 
ad ſeveral of them to contain, not only particles of copper, but alſo of 
on, or ſteel; for, after calcination, applying the pulveriz'd remains, to a 
gorous load-ſtone, great multitudes of chalybeate cor puſcles quickly ad- 
Need thereto. And I remember in a catalogue of the foffils of Miſuia, 
Wb liſhed by Kentmannus under the head of Pyrites, he places ſeveral mar- 
lices; lome whereof contain'd copper, others ſilver, others cold, and 
, again, both ſilver and gold. Having preſented a very fine marca- 
ſite 


ay yet, after they are prepar'd by watef and fire, afford a metalline por- 


om places near home, but even from the Indies, foſſils, whereof my opt- 


den, being thus adapted to impoſe upon the unwary, I have had much 
Ko to undeceive ſome perſons, as to the pleaſing confidence they had en- 


e. Wherefore, ſince their weight, the criterion of minerals, is one of 


by this, or the like ſpecious ſubſtance, it is but placing it in a ſtrong 
ich a flame for the moſt part blue, like that of common ſulphur : ſo that 
ce, by diſtillation, in a cloſe veſſel, I obtain'd four ounces of good brim- 
Ie and ſmoke, it be taken out of the fire, and ſuffer'd to cool, it will 


Woltance, very different from that of a proper metalline ore. Marcaſites, 
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0 flates, wherein the weight of an ore may be taken, becauſe I have Srarics. 
rv'd, that in ſeveral caſes, 'tis of great importance to diſtinguiſh them 


ö | 5. There is one kind of mineral that I have obſerv'd to impoſe upbn men 75 diftinguiſh 


| | . | . +; "I marcaſitesfrom 
frequently, that I ſhall take a particular notice of it. For, not to men e 


318 The Hydroftatical Balance. 


STaTics. ſite to the overſeer of one of the emperor's beſt mines, he preſently en. 
A min'd it, by a peculiar way, with hopes to find in it ſome gold or fili. 
but, inſtead thereof, obtain'd a parcel of running mercury, which he pr 
ſented me. Notwithſtanding the caution here given, I do not deny by 
that *tis poſſible for a skilful artiſt to make a profitable uſe of marcaſits 
either by fixing the volatile gold, or filver, to be found in ſome of they 
by graduating ſilver by their means, c. But that for which I much mg; 
value them, is, what I deſire ſhould be well remark'd, that I am perſus 
ded, if they were ſimply, and, of themſelves, but dextrouſly handler 
they may afford very noble and uncommon medicines, particularly exc, 
lent in continual fevers, tho? their uſual operation be almoſt inſenſible, u. 
leſs by their good effects. 

Diregliont to 6. I muſt not here omit, that tho* many, who make trials of ores, . 
nd the beſt lue their own flux-powders, or ſuch as are cry'd up by others; yet the 
_ fluxpov4eri, commonly ſeem to expect nothing from thoſe they prefer, more than th 
for ficli. ” Ss x 
they ſhould beſt facilitate the fuſion of the ore, as that which being one 
d ne, the metalline part will ſeparate by its own weight, or, as it wer, 
ſpontaneouſly. But yet, having purpoſely examin'd the matter more nia 
ly, and compared the quantities of metal obtain'd from two portions, d 
equal weight, of the ſame ore, we found thoſe proportions conſiderably 
differ'd; tho? that which yielded leaſt metal, was flix*d down with a coltl 
and well-adapted powder. And I doubt not but from other metalline om 
a greater quantity of pure metal is obtainable, by ſome flux-powder, 
that are but little employ'd, or known, than by others that are muck 
more famous and common. Thus two equal portions of the ſame lead: 
ore, clear of ſpar, being the one reduced with a due weight of nitre and 
tartar fulminated together, afforded me a much leſs proportion of mall: 
able lead, than the other, by means of half, or a quarter the quantity df 
filings of iron. And, to inſtance in a much more precious mine ra un 
lead-ore, I try'd the like with ſome ounces of good native cinnabar, fc) 
pulveriz'd ; by adding to one half a fix*d alkali of tartar, and to the other 
a different flux-powder, we obtain'd from the former twice as much met 
cury as we did from the latter, tho' diſtill'd with a fix*d alkali even 1 

mineral nature. | 
Dire2ims re. 7. Before we proceed farther, tis neceſſary the reader be acquaint! þ 
lating to the with the method of weighing heavy bodies in water; which being 111bleto 
management ſeveral contingencies, *tis proper in this place to take notice of the mor 


= 1 ** conſiderable ones. | l | 
But, firſt, to give a general notion of the thing, I deſire the figured 
the hydroſtatical balance itſelf, with all its apparatus, may be view: ap be 
Fig. 26. wherein A A, is the beam of the balance, BB, the diſhes, CC, the tran: Wha - | 
whereon the beam is ſuſpended ; with D, its ſliding ſocket; E, the arm; vill Y reaſ 
F, a pulley ; over which, and G, another pulley paſſes N, a line faſten's RFF faſt 
I, a moveable weight; by which the beam is elevated and depreſs'd. R. {mall 


a hair wherewith to ſuſpend L., the body to be weigh'd in the water of M, ro'th 
the glaſs ciſtern, N, is the bucket for liquors, O, the box of grains, . 
the 
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the forceps, wherewith to manage them, Q, the pile of weights, R, theSTAT1cs, 


handle of the balance, and SSSS, the table. 3 


W The ſolid body to be examin'd ſhould be ty'd about with an horſe-hair, 
W of a competent length, and faſten'd at its other end to one of the ſcales 
of an exact and tender balance; that the body, having been carefully 
W weigh'd in the air, may be immerſed in a proper veſſel, almoſt full of fair 
Vater, ſo as to hang freely therein, and be on every ſide encompalſs'd with 
the fluid. This done, put weights into the oppoſite ſcale, to balance the 
body hanging in the water; when the beams of the ſcale will lie horizon- 
tal, and the weights employ'd give that of the body in water. Deducting 
therefore this weight from the weight of the ſame body in the air, by the 
Fremainder, that is, the difference of the two, divide the whole weight of 
Wthe given body in air, and the quotient will ſhew the proportion in ſpecific 
Weravity between the ſolid and an equal bulk of water. To illuſtrate this 
y an example, we put a fine piece of white marble, which ſeems the moſt 
pure of any common opake ſtone, into an exact balance, and took its. 
eight in the air 1169 grains; then a horſe-hair being ty'd about it, and 
Whe other end of the ſame hair, faſten'd to one of the ſcales; under which, 
Et a convenient diſtance, was placed a deep glaſs, almoſt full of fair water: 
e ſuffer'd the ſtone to hang freely beneath the ſurface of the fluid, and in 
he oppoſite: ſcale placed weights enow to bring it to an equilibrium with. 
The other. Theſe weights amounted to 738 grains, which gave us the 
weight of the marble in water; which being ſubſtracted from the weight 
pf the ſame ſtone in air, there remain'd 421 grains for the weight of the 
qual bulk of water: by this remainder we divided the weight of the mar- 
le in air, viz. 1169, and found the quotient to be 2.7 nearly, for the ſpe- 
ific gravity of white marble to water. 

Tis here manifeſt, from the nature of the thing, that the body propos'd 
be weigh'd, muſt be heavy enough to ſink in water; otherwiſe its weight 
de fluid cannot be ſignificantly deducted from its weight in air: but if 


ere be occaſion to weigh in water a body lighter in /pecie than water, it 


ay be done, tho' with difficulty, by joining to it another body that is. 
le to link it. 

8. A horſe-hair is made choice of for hydroſtatical operations, becauſe 
is thought to be of the ſame ſpecific gravity with water; and tho” that 
e not ſtrictly true, yet a horſe-hair is fitter to be employ*d in theſe trials, 

an any other ſtring I know of; and its weight uſually differs ſo little from 

Wat of water, that the difference may be ſately neglected: but if the ſolid: 

propoſed be too heavy to be ſuſtain'd by a ſingle hair, ſeveral of them 
ay be twiſted together. 

9. I ſometimes had occaſion to examine bodies hydroſtatically, which, 

=P) con of their roundneſs, or other inconvenient figure, could not well 

e ſaſten'd to a hair; in which caſe I uſed hairs interwoven into a kind of 


_ hop. net, the meaſhes whereof would not ſuffer the body to ſlip 
ww em, X 


10. And 
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SrArtes. 10. And here let it be noted, once for all, that whenever any hydrofy 
. ttical trial is made, by means of a horſe-hair, there muſt be put into th 
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oppoſite ſcale as much of the ſame hair as ſeems equa] to what ſuſtains tt 
body, and appears above the ſurface of the water; for that fluid cn | 
takes of the weight of as much of the hair as is immers'd in it: ſothy = 
its unimmers'd part adds to the weight of the pendulous folid ; and ther. | 
fore ought to be compenſated by an equal weight in the other ſcale. 


11. When J reſerv'd a balance for hydroſtatical trials, I found it com: vate 
nient, on ſeveral occaſions, to take off one of the ſcales, with the ſtring Wactic 
belonging to it, and ſubſtitute in its ſtead a piece of metal of a con e ſo 
or other convenient figure, and equal in weight to the oppoſite ſcale; y vier 
alſo, at the ſame end of the ſtring, to faſten one end of the horſe-hairthy ane 
tied the body to be weigh'd in water. And ſometimes, likewiſe, when! Wr pol 
did not take off one of the ſcales, I cauſed it to be perforated in the mit Foul 
dle, without leſſening its weight, that ſo the body to be immers'd mi rem 
hang perpendicularly from the centre of the ſcale. | ude t 

12. Care muſt be taken that the body to be examin'd hang freely in tt ide t 
water, ſo. that no part of it, any where, touth the bottom, or ſides of th the a 
veſſel, or reach above the upper ſurface of the water it contains; for whe „ A 
any of theſe circumſtances are neglected, the true weight of the ſolid Il as\ 
ſomewhat alter'd: and if any part of the body, or horſe hair *tis tied with O a 
appears above the water, it adds to the weight thereof. And as nothing Man) 


but the water is to touch the hanging body, ſo no part of the fluid nut 1 
touch the ſcale from whence it hangs. I have ſeveral times obſerved, tht 
immers'd bodies have been concluded to weigh more in water than the 
really do, from a- neglect in obſerving, that if the ſtring be too ſhort, 0 
the veſſel too full, the vibrating motion of the balance will, at one time 
or other, carry down the ſcale to which the ſuſpended body is tied, foto 
make ſome part of it touch the ſurface of the water, a few drops vero 
will readily ſtick to it; which, becauſe they adhere to its under part, may 
lie conceal*d from a heedleſs eye, ſenſibly add to the weight of the ſcat, W 
and make the body be thought heavier than it naturally is: an error v 
prejudicial, when exact experiments are required. 

13. But the moſt uſual cauſe of miſtakes in hydroſtatical trials, pi 
ceeds from hence, that the given ſolid, and the ſtring whereto tis faſten' 
carry down with them particles of air, which, perhaps, too, may extricir 
others that lay conceal'd in the pores of the liquor, in the form of but 
bles. Theſe aerial particles faſten themſelves to the little aſperities tit 
meet with on the ſurface of the immers'd body, and like ſo many lite 
bladders of air, endeavour to buoy up the body they adhere to; and ther 
{ore, in proportion to their number and bulk, leſſen the due weight of tt 
immers'd body, in water. Great care, therefore, muſt be had, in nicef® 
periments, to ſhake the ſtring, and warily knock the body againſt the ſides 
of the glaſs, that the adhering bubbles may thereby be diſplac'd, an 
emerge to the top of the water : and, on ſome occaſions, this caution ſho 


be ufed more than once in the ſame experiment; becauſe I have often 0 


{ery uy 


The Hydroſtaticul Balante. = | 
d, that after the immerſed body has been freett from tlie firſt bubbles 


. appear d about it, others ſucceeded in their ſtead, before the experi- 
ent was finiſh'd. ; | wen we : | monks | | 
I have been the more circumſtantial in explaining the way of weighing 


bs not ſo eaſy as might, at firſt ſight, be expected. 
Having obtain'd the weight of the given body, firſt in the air, and then 
vater, according to this method; it will not be difficult to diſcover 
W:ctically, the proportion in weight between the ſolid and the fluid. 
e ſoundation of our practice, is this theorem of Archimedes. A body 
Wavicr than water, weighs leſs in that, than it does in air, by the weight 
an equal bulk of water.” Whence'we deduce a rule for our preſent 
Wrpoſe. For if the weight of the propoſed body, whilſt it is every way 
rounded with water, be ſubſtracted from that of the fame body in air, 
remainder gives the aerial weight of a quantity of water equal in mag- 
ude to the ſolid ; ſo that having the weight both of the ſolid and fake 
ide the 33 the leſs, and the quotient compared to an unit, will 
the antecedent of the proportion ſought between the ſolid and the Wa- 
And this rule holds equally, mutatis mutandis, for other Muots, as 
Il as water. | | T3 WL) 
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ies in water, becauſe experience hath taught me, that the practice of 
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alſo, a place in Scotland, where, over a lead-mine, near the ſurface ofth 


hair, and weigh'd in water; to which, therefore, our hydroſtatical 
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eined. The ſpar of lead-ore will allo diſſolve in fome acid meng 


and even in diſtill'd vinegar : yet I could not find that this golden fy ex 
when kept for ſeveral hours in ſpirit of ſalt, Aqua fortis, or Agua wh fel 
was manifeſtly wrought upon by any of them. | der 

A piece of ſpar, that ſeem'd ſcarce to contain any gold at all, h, 8 #8 rce 
hydroſtatically examin'd, we found its ſpecific gravity to water, ay 8 © 
to 1. | | | | | 

Theſe obſervations, imperfect as they are, may, perhaps, be ſervice, * - | 
to ſuch as have never ſeen true gold-ore; and, in particular, to thoſe w.! 
ſearch after gold-mines in Jamaica: where, as general Venables, the verſ | oa 
who conquer'd it for the Exgliſb, inform'd me, at his return from theng | ” 3 
the Spaniſh governor of the iſland, whilſt his priſoner, confeſs'd there yy 1 e 5 
mineral- gold; tho? the Spaniards, for want of workmen, could not az Woof. 
deep enough in queſt of it. | Cr 

By what I have ſaid of the true gold-ore, I would not have any oe, rk u 
couraged from ſeeking for gold in other metals; becauſe, I know, t WM. * 
ſometimes be found blended with predominant minerals, as appears fy IG or 
the copper-mines of Cremmiz, whence a conſiderable quantity of gad 57 
yearly obtain'd. And J have ſeen an Eugliſb tin-ore, wherein there ly * 1 
in little cells, a number of ſmall leaves or chips of gold; and tho' thety leaſa 
men, being unable to ſeparate them to profit, uſually melted both then ile all 
tals together, and ſold the maſs for mere tin; yet the owner of the n eg 


aſſured me, that one of his work-men advantagiouſly employ'd his on 
children to pick the gold out of the ore, when skilfully broken. Ther 


ground, they often find large grains of native gold free from ſpar ; ſoned 
which I thought worthy to be preſented to that curious examiner of ons 
Prince Rupert; and I ſtill have a piece of native metal by me, that am 
from the ſame place, in weight above forty grains, and wherein gall is 
the predominant metal. 


I have found a grain of natural Scotch gold, without any adhering pu 
to weigh three drams, i twenty-one grains; another grain of the ſame, tli 
had a little ſpar ſticking to it, weigh'd three drams, three grains; fot 
allowing for the heterogeneous ſubſtance, it weigh'd about three dra 
And,” laſtly, a grain of Scotch gold weigh'd, in air, 43 grains; in with 
39. FP grains; whence its proportion to water is as 123 to 1. er, 
It often happens, that, among the leſſer grains of gold, properly lively 
Tand- old, there are pieces, ſingly big enough to be ty*dabout with a hot 


of examining ores may be uſefully apply'd. F or, ince pure gold 15 lo r 
ter of the ſame bulk, as 18 or 19 to 1; it will readily appear, whether b 


fragment Ferne be perfectly n 1-945 
© We frequently receive from the maritime parts of Africa, ſmall it 
ments of gold, in the form of ſand or gravel, which ſeem to have be 
waſh'd away from hidden veins by the violence of the waters; to clin 
the genuineneſs and degrees of purity whereof, our hydroſtatical 1 9 


— be 


1 
* . 
; 

e 
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rfe&ly refined gold to water, being known; tis hence eaſy to examine 
degrees of fineneſs. And, when once the true ſpecific gravity of a 
ccel of ſand gold is known, together with its degree of fineneſs, gain'd 
W collateral trials ; this ſpecific gravity may be uſed as a ſtandard, where - 
W co try the fineneſs of other parcels of the like native gold: whence the 
ud of the Negroes may, in this caſe, be prevented; who often clandeſtinely 
Wis with the right ſand-gold, filings of copper, or braſs; whoſe ſpecific 
uvity is not half ſo great as that of fine gold. | _ TO 
Aua fortis, alſo, would immediately diſcover this fraud, which will not 
drk upon gold; but corrodes braſs, and thereby gains a colour betwixt 
e and green; tho? if much ſilver be naturally mix'd with the gold, this 


Wine may be ſubſtitured in its ſtead, occaſionally; for this will readily 
rk upon filings of copper or braſs in the gold, and gain from them a fine 
e colour. And, to haſten the operation of this liquor on filings of 
1s or copper; *tis but ſpreading them thin, upon a piece of white pa- 
and moiſtening them throughly therewith, that the air may promote its 
jon; for, by this means, I have often produced, in a few minutes time, 
Pleaſant blue colour upon the paper. Spirit of hart*s-horn, or other vo- 
ile alkalies, or even ſtale rank urine, will ſerve in time of need, and yield 
& ſame phenomenon. | 1 n 
But ifa ſolid ſubſtance be deſired for this purpoſe, common ſal-armoniac 
y be uſed, by makinga ſtrong ſolution thereof in water, and applying 
s any of the former; for this alſo, will ſoon gain a greeniſn colour, or 
ue, from braſs or copper, and without affecting the gold. mi 


n, or uncommon foſſil; and not negle& to weigh it in their 


Intries, uſeful foſſils, uſually overlook'd by the unskilſul. I have found, 
is kingdom, eagle-ſtoneseven upon the high- ways; and ſome other 
Perals that were not ſuſpected to be of - Eng/i/h growth. And, I re- 
aber, that paſſing by a potter's work-houſe, and viewing the groundat- 
W''vely, I made a diſcovery of manganeſe, a mineral very proper for 
Zing and colouring of earthen veſſels, which the potter, afterwards, . 
ly uſed for that purpoſe. The ſame perſon ſhew*d me a place that 
tain'd great ſtore of a foſſil ſubſtance, unknown in England, that ran 
ſar under ground, like a vein of metalline ore; by ſome eaſy trials I 
ditabounded with vitriolate ſalt, much more than any marcafite I had 
min'd in the form of ſtones: whence I concluded, it might more pro- 
bly be employ'd to make vitriol, than the marcaſites uſed for that pur- 
en the works at Deptford, or elſewhere in England. | 


It 2 [ re- 


W: «amination may be öf fingular ſervice,” For the ſpecific gravity of Srarigs. 


Woof, by Agua fortis, will require skill: and, therefore, good ſpirit oP ui 


have obſerv'd ſuch a variety of appearances and diſguizes in metalline 4/7 minerals 
lies, and other minerals, that I would adviſe the ſearchers after mines /#9u/ be care- 


ave their eyes always | un-VJliy ex- 

y ys open, and ready to take notice of any un- - 29001 
{ ag : | | if ponderous 
and if it ſeem to exceed the weight of cryſtal, or marble, to byarofari- 


mine it hydroſtatically. For there are in England, and ſeveral other t 
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Ham to ex4- 
mine earths, 


or ſoft ſubſtan- 
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STATI 0 1 sen allo, that a mineral of an odd appearanee, being ſent n | 


nown to the miners who dug it up; I found it to be the ore of h 
muth, tho? the vein that afforded it was very ſmall. But the chief j, 
ſon for which I give this particular caution, is, that an applicatig i 
our general remark upon the ſpecific gravity of foſſils, may be extend 
to a new and conſiderable uſe ; for we need not confine ourſelves to tu 
mine only thoſe foſſils, whereof we can obtain pieces ſufficiently large y 
be ingly weigh'd in water; becauſe, not to mention the minerals thatny 
be found uſeful to the phyſician, the drugſter, or the mineraliſt ; the gy 
of metals may be often found diſguiz'd in the form of earth, or mud, ty 
is eaſily dry*d ; which foſſils, tho? unfit to be immediately ſuſpended hy, 
horſe-hair, may conveniently be examin'd by means of a glaſs jar-bucy, 


l, dre. of a known ſpecific gravity: for, this veſſel being almoſt 6ll'd there 


tically, 


5 laſtly, a traveller preſented me with a certain earth, which he affmdu 


Celurd and But a mineraliſt may make a more advantagious uſe of our hy droit 
and gravel, bucket, by employing it in weighing colour'd ſands and gravel. And! 


and that matter, carefully counterpois'd in air, and made thoroughly wii 


with water, and the whole warily let down in the ſame fluid, and thy 
kept ſuſpended by a horſe-hair, tied to a tender balance, the differm 
between the weight of the mineral, and veſſel in air and water, vil 
obtain'd ; the weight, therefore, of the veſſel, in water, being ſubln. 
cted from that difference, will give the weight of the fofi] in water, al 
conſequently, its ſpecific gravity in water. 1 453090 

And to ſhew that this method wants not proper ſubjects, wheretoit ny 
beapply*d; we are told, that one of the beſt ſorts of dwediſb iron hd 
found in the form of a red mud, at the bottom of lakes, or other ſtagm 
water: and I have obſerv'd Eugliſb okers to be richer in iron, than ſon 


ares of that metal. And, an experienc'd writer, upon the gold and , 


mines of America, takes notice, that gold, itſelf, is often found diſguizein 
a reddiſh earth. Vannoc bio, alſo, a famous Talian mineraliſt, tells us, thi 
a reddiſh fort of earth, ſometimes, contains the richeſt metals. I, nylth 
have obſery*d ſome finely figur'd cryſtals, to grow in a red earth. ind, 


come from the diamand-mines ; and this alſo 1 found to be red. 


ſhew how apt we are to over-look ſands, for want of trying them by weigh 
I have, ſometimes, ſeen a ſort, lighted as worthleſs, which being walls 
and view'd thro' a microſcope, appear'd like a heap of ſmall granats, 
perhaps, were really ſo. But what is more extraordinary, having® 
ſerv?d, that the black ſand, uſually employ'd to dry freſh writing, feen 
manifeſtly heavier than the common; I examin'd it by the hydro 
bucket, which gave us its ſpecific gravity to water, as about 4.0 1 
and, by melting it down, with two or three parts of antimony, ® 


. 31 G 4 f „ 
caſting it into an iron cone, I found it of an irony nature; and, by Pp! | 
ing it to a load-ſtone, to be far richer in metal, than any of our £4 


1ron-ores; for, at leaſt, ſeven parts in eight, would eaſily be taken wh 


the magnet. But ſuch obſervations as theſe, are not my chief mots 


recommend the examination of ſands and gravel to the mineraliſt. n 


| 


retti 
daps. 


4 ey 


| 4 
re f 
bold, 
er*d 
ſuſſ 
4 hich 
Peres. 
But 
deavo 
Wound 
themſ 
theſe 
water, 
of ſta 
JContai. 
ſtance, 


The Hydro/tatical Balance. 


ud even in Europe there are rivers whoſe ſand is inrich'd by grains of 
gold. For this, the Tagus, that runs by Lisbon, and PaZolus, were fa- 
Nous among the ancients. An induſtrious chymiſt aſſur'd me, he got 
old, with profit, from the ſand found on the banks of the Rhine: and 
Focre is a little river in Savoy, on the banks whereof, after a land. flood, 1 
u poor people employ'd in ſecking for grains of gold. Some trial, 
Wlſo, that 1 cauſed purpoſely to be made, confirm'd me in a perſualion, 
What the ſands of many places, if skilfully treated by chymiſtry, may af- 
Word wuch more gold than is got from them in form of grains. For, be- 
ides that there may be many particles of gold, ſo very minute, and cloſely 
Wx'd to grains of ſand, as not to be taken notice of by the eye, or prove 
Weparabl. by waſhing or picking ; there may, as I conceive, be many 
mall portions of that metal incorporated with the body of the ſand ; 
ich a skiliul artiſt, by the help of proper additions, might ſeparate to 
W ood advantage; eſpecially if with litharge, or minium, the ſand be firſt 
Feduced to a gia, and then care be taken to get the volatile gold, by giv- 
Ing it a pure body, fit to retain and fix it; ſuch, for example, is fine ſil- 
Per, out of which, I remember, we ſeparated, by quartation, from a 
rucible full of vitrified ſand, and two or three fluxing materials, of ſmall 
Price, ſixtcen grains of pure gold. 
Volatile gold is, I know, by many learned men, look*d upon as a ficti- 
Wious thing; yet J have, by the help of an addition, inconſiderable as to 
Pulk, and more ſo as to weight, without a naked fire, and in a glaſs re- 
Wort, ſublimed crude gold, ſometimes in the form of a yellow ſalt; and. 
Wometimes, when the operation ſucceeded better, in that of thin cryſtals, 
rrettily ſhaped, gloſſy, and as red as rubies: this by the bye. It may per- 
aps be more uſeful to ſearchers after rich foſſils, to obſerve, that when 
ey meet with ſands, earths, mineral fragments, Sc. whoſe ſpecific gra- 
py bur little exceeds that of cryſtal, and yet, by the place wherein they 
found, or by other tokens, give hopes of their containing particles of 
old, they ſhould not haſtily reject them. For having ſometimes diſco- 
er'd corpuſcles of iron and ſteel in a vaſt variety of foſlils, and diſguizes, 
ſuſpect that ſome golden particles may lie conceal'd in ſeveral bodies, 


Which are thought to contain no metal; and ſtill more in metalline 
Dres. 


= ”Tis well known, that European traders yearly bring large quantities of Sr Aries. 
old from the coaſt of Cuinea, which is waſh'd, or pick'd out of the ſand. LY WWW 


But thoſe who would apply hydroſtatics to ores in general, ſhould en-9,;; ;, gene- 


„ deavour to procure ſpecimens of different mines, eſpecially if they bera/; and that 
610108 found in the ſame country; and either by trial, or ſtri& inquiry, inform J lead in par- 
iy, U themſelves what proportion of the reſpective metal they contain. For. 


cheſe portions of ores and minerals being carefully weigh'd in air and 
= 7% and their ſpecific gravities thereby known, may ſerve for a kind 
| of ſtandard, wherewith to compare, hydroſtatically, the metalline portions. 
Contain'd in other 1 of ore, of the ſame ſpecies. Thus, for in- 
ſtance, all our Engliſb lead- ores, worth taking notice of, may be divided into 
2 three 
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 STaTics. three kinds; and, in each of theſe, a latitude allow'd for greater or le, 
LYN degrees of goodneſs. Of the firſt fort are thoſe that, in the ordinary va 


The hydroſta- 
tical balance 
applied to the : 
Materia medi- 


of melting, hold, ſome of them, from thirty to forty pounds of lead h 
an hundred weight, and others ro forty-five pounds; which are oſten 
lighted, as ſcarce worth the working. The ſecond ſort may reach fron 
forty-five to ſixty pounds in a hundred; but the moſt uſua] proportion, | 
have found, in my trials, hath been about half the weight of the ore, i 
clean and malleable lead. Theſe are thought indifferently good, and wort; 
the working; but others, comprized in this ſecond fort, hold about fiſt. 
five, and ſome near fixty pounds; and theſe we look*d upon as pretty ric) 
As for the third ſort, it may conſiſt of thoſe that yield from ſixty to eighty 
pounds in the hundred; and ſuch ores are juſtly reputed very rich, eg. 
cially if they come near up to eighty pounds. I confeſs I never met yit 
any that reach'd ſo far; but was aſſur'd by the maſter of his majeſty 
mint, that he had found ſome ſuch. Theſe look as if they were all me. 
tal; and I have obſerv'd ſome lumps thereof to be compos'd of ſeyer; 
large cubes, very firmly adhering to one another. f 

As to the ores, preſented me from different countries, J have inſerted 
their ſpecific gravities, in the table annexed to this treatiſe 3 ſuppoſing 
may be of uſe, in making a conjecture, with other concurrent circumſtar 
ces, whether a mine may be advantagiouſly wrought; but concurrent cir 
cumſtances are by no means to be neglected. 


. 
E come now to the ſecond part of our deſign ; that is, to app) 
the hydroſtatical balance to the Materia medica. And firſt, ther 
is a deeply red, and opake hard mineral, call'd in the ſhops by the mme 


ca; and firſt, of Lapis Hæmatites, which tho! little uſed by our Engliſh phyſicians, 1s, 1n 
10 the Lapis ſeveral places abroad, highly eſteem'd, and, in my opinion, not without 


Hzmatites. 


To the Lapis 


Lazuli. 


cauſe; particularly for the ſomniferous quality to be obſerv'd in ſome d 
its preparations. Of the Engliſh ſort of this foſſil, we weigh'd, in aten- 
der balance, a piece that chanc'd to amount to three ounces, two drams 
and a quarter, firſt in the air, and then in water; and found its proportion 
to that liquor, as 4.15 to 1; that is, almoſt twice as heavy as a mere ſtone 


of equal bulk. So great a weight, confirm'd me in the conjecture I hal 


made, that this ſtone contain'd a large proportion of metalline ſubſtance 
I therefore ſublimed it, when finely powder*d, and diligently mix'd it wit 
a double weight of ſal-armoniac, and found it, as I expected, very aſtringen. 
upon the tongue, like ſeveral preparations of iron; and, for a farther prod 
having put leſs than a grain of it into a ſpoonful or two of a ſtrong inſa 
ſion of galls, it immediately produced a black and ink y mixture. 

Lapis Lazuli is ſometimes uſcd by Eurotean, but more frequently I 
the Arabian, and other eaſtern phyſicians, and, particularly, as an eme: 
tie; which faculty I thought it poſſeſoꝰd, upon account of ſome metal 
ingredient: and, accordingly, having hydroſtatically examin'd a piece, w 
was judg*d moderately rich, we found the proportion thereof to an 01 
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ſtance than Lapis Hæmaliles, or ſeveral leſs violent minerals. 

; Wo perations upon the human body ; for which reaſon we examin'd it hydro- 
Watically, and found the weight of a lump thereof, that I judg'd to be ei- 
her Engliſh, or Norwegian, was, in proportion to water of the ſame mag- 


itude, as 4.93 to 1. | 


Wo abſorb acidities ; for which purpoſe I prefer it to ſeveral more famous 
Arugs: but tho? *cis uſually employ'd only as an external remedy, yet 
Wome uncommon chymical preparations of it make me think it deſerves to 
Dc further examin'd. A famous empiric candidly aſſured me, that the me- 
Wicine he with great ſucceſs made uſe of, againſt fluxes, was nothing but 
Hure and well-ground Lapis Calaminaris ; hence I readily conjectur'd, that 
Mt participates of a metalline nature: which may alſo be argued from its 
Pperation upon copper, which it turns into braſs : wherefore, weighing a 
Piece of this foſſil, we found it to water, as 4.69 to 1. 
Leet it be here obſerv'd, that tho? when a hard foſſil is found to be much 

eavier than cryſtal, of the ſame bulk, *tis very probable, the ſolid con- 

rete contains a conſiderable portion of ſome metalline, or ponderous mi- 
heral body; whence its good or bad qualities, with regard to the animal 
economy, may probably be deduced ; yet ' tis very poſſible for a foſſil to 
Sc endow'd with medicinal virtues, or noxious qualities, on account of its 
W:trancous matter, tho? its ſpecific gravity but little exceeds that of cry- 
Wa), or the difference be inconſiderable; for a very ſmall proportion of 
Wventitious metalline, or mineral ſubſtance, if it be of a violent nature, 
Way, in ſome caſes, diffuſe itſelf thro? the reſt of the maſs, and impreg- 
ee it with active qualities; as we ſhall ſee hereafter. 


pbability, whether a mineral body be of a ſtony nature, or not. Thus 
aal, for inſtance, is by ſome thought to be a plant, by others a Lytho- 
$4707; but, by the greater number, a precious ſtone: in which diffe- 
Nee of opinions, its ſpecific gravity may prove of conſiderable ſervice. 
e therefore weigh'd a piece of choice and well-colour'd red coral, firſt 
air, and then in water, and found its proportion to an equal bulk of 
e latter, to be as 2.68 to 1: whence their opinion, who take it for a 
ne, ſeems molt probable ; ſince its ſpecific gravity exceeds that of cry- 
inf WY Pearls, becauſe of their hardneſs, are often thought of a ſtony na- 

e. A monſtrous one being preſented me, that was taken out of an oy- 


ly by r, its ſhape Irregular, its magnitude extraordinary, and its aerial weight 
"_ mounting to 206 grains; I weigh'd it in water, and found it to be thereto 
lin: 25 1 to 1: ſo chat its ſpecific gravity nearly equall'd that of cryſtal. 

2 that | 1 : 
equi Calculi 


bulk 


J bulk of water, as 3 to 1; which argues, that notwithſtanding its briskneſs Sr Arcs. 
Fin operation, it contain'd a much ſmaller proportion of metalline ſub- . 


The load-ſtone is applicable to medicinal uſes, and may have ſenſible De magnet. 


Lapis Calaminaris is frequently uſed in phyſic, eſpecially by chymiſts, Calanire. 


at further, this method of examination may aſſiſt us to gueſs, with Red coral. 


Pear... 
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Between ge- Uſe to a phyſician, a jeweller, or a naturaliſt. 
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| Engliſh and Norwegian load-ſtones are heavier in ſpecie than thoſe whichat 


adventitious matter inſinuated into the more genuine part of the fol 
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Calculi bumani are frequently ſuppoſed to be true and genuine ſtones, 


title them to that appellation : however, I ſhould rather call them anjny 


ſtones, than ſimply ſtones ; which, by our method, may be eafily diſty. 
euiſh'd from thoſe, and other the like hard concretions, found in the bodiy 
of animals. For, having a conſiderable number of theſe animal ſtones, | 
found, not only by chymical analyſis, that they belong*d not to the minen 
kingdom; but, by an hydroſtatical examination of ſeveral of them, I four 
they differ*d greatly in ſpecific gravity from true foſſil ſtones ; one of them, 
weighing above fix drams and a half, was found to be in proportion tou 
equal bulk of water, as 1.76 to 1; and another, that weigh'd four dran 
and ahove a half in the air, being alſo weigh'd in water, appear'd to hy 
thereto as 1.69 to 1. 8 

I mention theſe ſtones as belonging to the Materia medica, tho? they ar 
look*d upon rather as morbific ſubſtances ; becauſe a famous phy ſician, wh 
practiſed long in the Eaft- Indies, and had better opportunity than an 
European had before him, to try the virtue of bezoar, either equals or pr. 
ters them to oriental bezoar. 

We made the like experiment upon bezoar- ſtones; the firſt of wic 
weighing in the air three drams, and odd grains, was found to be in pro 
portion to water of the ſame bulk, as 1.47 to 1. Another, weighing 

mewhat leſs than three drams, prov*d to an equal bulk of water, as1.; 
to 1. A third, being the nucleus of a larger ſtone, weigh'd in the air tuo 
drams and fifty - one grains; and its proportion to water of the ſame mag 
nitude, was found as 1.55 to 1. In which ſeveral inſtances, we may ob. 
ſerve, that theſe animal ſtones, not amounting to twice the weight of u 
equal bulk of water, have a leſs ſpecific gravity, by above a fifth part, 
than a true foſſi! ſtone. | 

Again, we may by hydroſtatics be aſſiſted to diſcover the reſemblance 
or difference between bodies of the ſame, denomination. Thus, for i. 
ſtance, we have found a notable difference between the ſpecific weigits d 
ſeveral load-ſtones dug up in different countries or mines: and if a grett 
number and variety of experiments of this kind were made, we might poll 


bly find, that, cæſeris paribus, the magnets of one country or mine, are co i 


fiderably heavier than thoſe of another: for I uſually obſerve, that i 


faid to come from Haly. And this difference ot weight between foſſil 
the ſame kind, when conſiderable, may help us to diſtinguiſh betweenlit 
ſtones of the ſame, loweſt ſpecies, that are. peculiar to different counts 
mines. But in caſe the unequal weight proceed, as it often does, fron 


whilſt that remain'd'fluid'or ſoft ;. it may enable us to conjecture a ji 
greater or leſs purity ; which, on many occaſions, may be of no 


Another conſiderable advantage of our hydroſtatical method, is that - 
helps to diſcern genuine ſtones from counterfeit, which too often 10 
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r bodics more eſſential than their ponderoſity; ſo there is ſcarce any 
wherein impoſtors find more difficulty to make a notable alteration, than 
chis, without being diſcover'd. In ſeveral caſes, indeed, *tis not very 
inicult to alter the ſpecific weight of a particular body, yet it may, per- 
aps, be impracticable to make a conſiderable change in that qualityy 
nleſs by ſuch additions or operations, as will cauſe a ſenſible alteration in 
Wome other qualities too, and thereby ſubject the fallacy to a diſcovery. 
WA nd this will prove more particularly difficult to vulgar cheats, or adul- 
Werators of gems, and other valuable minerals; becauſe the ſmall know- 
Wedge they have of the number and variety of natura! and artificial pro- 
Wuctions, confines them within narrow bounds, to accompliſh their frau- 
Wulcnt deſigns. And whilſt they are intent upon counterfeiting only the 
Wore obvious qualities of things, and, perhaps, upon eluding the known 
Ind popular trials; they will, probably neglect the ſpecific gravity. By 
is means a pearl, for inſtance,” is diſcoverable to be counterfeit, without 
He leaſt prejudice to it. And I remember, ſome factitious corals, which 
made, to ſhew what might be done in that k ind, were, notwithſtanding 
Weir fine colour, ſhape, and gloſs, eaſily diſcoverable by their ſpecific 
Fravity manifeſtly exceeding that of natural corals. 
And ſometimes I have made paſtes, or factitious gems, with red lead; 
Fhich, tho” tranſparent, and finely colour'd; yet by reaſon of their weight, 
Were very liable to be detected by hydroſtatical trials. I have ſeen a fair 
Wulterate bezoar-ſtone ſo reſembling the genuine, that a great price was 
We upon it; but being brought to me for my opinion, I made no doubt of 


being counterfeit, from its appearing as heavy, as a mineral ſtone of 
e ſame bulk. 


Wy ic; provided they are heavy enough to fink in water: for when we 
oe once found the ſpecific gravity of a concrete, which we know to be 
Pod and genuine; the degree of its ponderoſity may ſerve for a kind of 


wm andard, whereby to judge of other portions of the ſame denomination. 
6 1 A great difference ſhould, doubtleſs, be made between the eſtimate of 
- 5 me ſtones, vulgarly called gems, according as they ſerve the purpoſes of 


1 ellers and goldſmiths, of phyſicians or chymiſts: for the tradeſman, 
en o uſually aims wholly at the beauty and luſtre of a ſtone, may juſtly 
| em thoſe, ceteris paribus, the beſt, which are in ſpecie lighteſt 3 becauſe 
= arc generally more uniform as to ſenſe, and more tranſparent z and 

ſo receive their colour from pigments of finer parts. But, on the con- 
W-')> thoſe who ſeek for medicinal virtues in gems, may juſtly value ſuch 
De highelt, as are moſt ponderous ; becauſe they are more plentifully 
ock'd with metalline or mineral ſubſtances : whence the greateft part 
7 virtue is, in all probability, derived. And this difference in the 
OL, II. u ſpecific 


or true, to the great prejudice of phyſicians and their patients, and the Sr ATIs. 
Treat loſs of lapidaries and their cuſtomers: for as there are few qualities 


Another uſe to be madeof our hydroſtatical method of examining ſolids, 4nd Sers the 
on many occaſions, to aſſiſt us in making eſtimates of the genuineneſs, £*inene/5 


the degree of purity of ſeveral bodies, that may be uſefully employ*d in = * ny of 
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Srar res. ſpecific weight of ſtones of the ſame name, I have ſometimes found g, 

greater than one, who has not try*d them, would imagine; as will ap 
hereafter : yet I would not from hence infer, that even ſuch ſtones à83 
pear fine, and are but light in their kind, have not metalline particles thy 
may give them conſiderable medicinal virtues. For there are mine 
pigments of ſo ſubtile a nature, that ſuch an inſenſibly ſmall quantity, , 
will ſcarce render them heavier than colourleſs gems, may be diffuſed th 
the whole, and impregnate every ſenſible part thereof. Thus I hun 
known five grains of powder'd zaphora, mix'd with an ounce and haft; 
dram of finely pulveriz'd Yenice glaſs, and kept an hour in fuſion by ac 
violent fire, afford a tranſparent maſs, which was throughout of a ff 
deep blue colour; fo that one part of the pigment tinged above a hundry 
parts of the glaſs: and when we added eight grains of zaphora to y 
ounce of glaſs, that is, one part to ſixty; the mixture having been kept fy 
the like time in ſtrong fuſion ; the maſs was too deeply colour'd fora han 
fome gem. 

And further to manifeſt, that a little metalline matter may ſuffice n 
give a tincture, and thereby impart a virtue to a vitreous body, and em 
to gems ; I ſhall add another experiment. I had long conjectured, thy 
there was in granats, eſpecially in ſome of a deep colour, abundance 
chalybeate corpuſcles, more than ſufficient for the granat itſelf: upy 
this ſuppoſition, I took a German granat, which I had kept by me for: 
rarity, on account of its bigneſs and deep colour. Of this, carefully x 
duced to very fine powder, we exactly mix'd eight grains with an ounced 
finely pulveriz'd cryſtalline glaſs, and afterwards kept the mixture for to 
hours in a very hot furnace; by which means, we obtain'd a pretty u- 
form maſs, ting'd of a green colour, like what prepared iron or ſteel gi 
to pure glaſs. 

Thus much may ferve in ſome meaſure to ſhew the uſe of the dio 
ſtatical method of examining drugs; upon a ſuppoſition that they are oli 
of a ſufficient bulk, and gravity able to ſink them in water. But may 
ſimples, and other ponderable ſubſtances, that may upon good ground, 
be refer'd to the Materia medica, want one or more of theſe conditions 
I ſhall therefore offer the expedients I make uſe of in ſuch caſes, to bit 
them to this hydroſtatical trial. Now a body may either be liquid, at 
conſequently not immediately applicable to a ſlender ſtring ; in the fom 
a powder, or ſmall fragments, and impoſſible, or difficult at leaſt, to fla 
each of them to a hair, and ſuſpend it as a body of a greater bulk; U 
laſtly, diſſoluble in water, and conſequently unfit to be weigh'd there 

This method Suppoſe then the liquor we would examine, be ſpecifically heavierti 
of * water, and unapt to mix therewith; Itake ſuch a bucket, or wide- mou 
falt hou glaſs, as we formerly mention'd, capable of containing an ounce or tl 
{han water, common water, and whoſe weight in air is about three or four drams. Ti 
and unapr to glaſs we weigh very carefully, once for all, firſt in air, and then in wit” 
2 A” and thereby find a weight equivalent to it in water: which being put 109 
— „ mer the oppoſite ſcale of the balance, whilſt the veſſel hangs under the * 


cury. 
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at of the contain'd body itſelf in water: ſo that, for inſtance, the bucket 
us makes a maſs of quick-filver, tho? fluid, as fit for weighing as if it 
eee coagulated into a ſolid. And in this manner we proceed to weigh it 
ydroſtatically, as if it were a ſolid. 
But, for the more ready performance hereof, tis convenient to have in 
eadineſs a couple of weights, the one equal to the weight of the glaſs- 
Pucket in the air, and the other to the weight of the ſame in water; for 
Wheſe immediately afford a counterpoiſe to the veſſel in either medium. 
And thus we put a ſmall glaſsjar, capable of containing half an ounce 
fr water, into one ſcale of a tender balance, and furniſh'd the oppoſite 
With a counterpoiſe thereto ; into this little veſſel we pour'd 480 grains of 
ani ſo mercury, and ſuffer'd the bucket, with this mercury in it, to hang 
Ty an horſe-hair, from one of the ſcales, in a deep glaſs veſſel of water: 
ere was now in the oppoſite ſcale a counterpoiſe to the weight of the 
Waſs in the water; ſo that the weights that were added, gave us the 
eight of the quick · ſilver only; the weight of the glaſs being already al- 
w d for. By this means we found the weight of the quick-filver, in wa- 
r, to be 446 grains; whereby the greater number being divided, the 
otient is 14, and about rr: ſo that the mercury appear*d to be in gra- 
ity, to water of the ſame bulk as 14.11 to 1: tho', in former trials, I 
arce found common quick-filver to weigh full fourteen times, and ſome- 
es ſcarce thirteen and a half ſo much as an equal bulk of water. Whe- 
Wer the weight of the preſent mercury proceeded from its participating of 
d more than others; which, from another experiment, ſeem'd not im- 
Wobable ; I will not here determine. | 
However, upon abundance of tryals of this kind, I did not find that 
running mercuries, tho? they appear'd unadulterated, were preciſely of 
9 ſame weight. Nay, I obſerv'd, that even diſtill'd mercuries, if once 
bined with metalline bodies, and particularly if drawn from fine gold, 
er'd more from the common ſort, than theſe from each other: and al- 
between common mercuries diſtill'd, we found a notable difference. 
d, by this method, tho? not always with the ſame eaſe, we may exa- 
Ne the ſpecific gravity of other heavy fluids that are indiſpoſed to mix 
J th water; ſuch as are, for inſtance, the chymical oils of cinnamon, 
ves, guaiacum, &c. But what made me the more circumſtantial in de- 
ring the foregoing experiment, was, that this practical direction for 


Wighing one liquor 1 ther, wi : 
Tap 5 — in another, will, hereafter, appear applicable to very 


: = to moiſten the powder with the ſame water wherein *tis to be 
Sh d, before the experiment is began; that the liquor may have time to 
nuate itſelf between the dry corpuſcles, and thence expel the air that 


u2 Was 


r the water, may be conſider d as having no weight at all; and, conſe- STaTiCcs. 
uently, the additional weight of this bucket, may be alone taken for 


be way of hydroſtatically examining th 

=. . | g the powders and fragments of Jo powders 
king bodies, hath been already touch'd upon ; and differs lirtle from the 2 fragment? 

mer: only it deſerves to be again repeated, that great caution muſt be? ier. 
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STATI1Cs. was harbour'd in their interſtices: for theſe little aerial portions, if " 


adus ſeaſonably expelPd, would, upon the immerſion of the veſſel, progy, # 
numberleſs bubbles in the water, that would buoy up, or faſten they = . 
ſelves to the ſmall bodies, and render the experiment uncertain, or fall o, 
cious. | =. .. 
If this way of examining bodies be carefully practiſed by a skilful hay 1 
and with a tender balance, it may prove of conſiderable uſe to phyſicin, 1 Mer. 
druggiſts, apothecaries, lapidaries and goldſmiths. Thus, for «| bie 
ple, the fragments of the five precious ſtones, that are made ingredem o R. 
of Confeio Hiacinthi, may each ſort of them, a-part, be properly eam Med b 
by their weight in water, when the true ſpecific gravity of a parcel oft; Sf th 
fineſt is once known. And, by the way, tho' granats are reckoned amyy ult 
the five precious medicinal ſtones, and, in ſome diſpenſatories, are p & 1: 
fer'd as the beſt ; I have found a great difference, in point of ponds, WW lids 
ſity, between European and American granats, compar'd with others, wii i Wor al 
I myſelf took out of an odd American mineral; whence, *tis natur quot 
conclude, that their virtues might be very different, if not as to kind, j etwe 
at leaſt as to degree. And not only factitious pearls, that often paß H Mie ſp 
genuine, may often, by this expedient be diſcover'd, eſpecially if meran But 
enter their compoſition ; but we may, probably, by the ſame method, hat 
ſtinguiſh the natural pearls of ſeveral kinds, and different countris; water 
whereof I have ſeen, and poſſeſs a far greater variety than would ealily: o be 
credited. But, becauſe it more concerns phyſicians, and their patients, t Ign'd 
make an eſtimate of ſeed-pearls, than of the larger ſort, that are {cl ch a 
uſed but for ornament; I ſhall here obſerve, that, when furniſh'd vi oug 
very fine oriental ſeed-pearls, which ſeem'd proper for a ſtandard where: uvi 
with to compare others, we found them to water, of the ſame bulk, x _ 
| 22 to 1. | uch 
To ee 2% But what courſe muſt we take, when the body to be hydroſtaticlly ex- d p 
win £19007 mind, will diſſolve, or eaſily mix with water? Why, tho? the yopy oke! 
ter. ſed body cannot be immediately weigh'd in water; yet we may ſubſtitur bla 
another liquor, that will not diſſolve it, and thereby find its ſpecific gr: Bri 
vity co that medium; and then, by comparing the difference of thoſe i Tly 
tiquors, in point of gravity, we ſhall diſcover the body's weight in watt; or 
ſuppoſing it could have been kept undiſſolv'd therein. Conſidering, tit, Wa vent] 
that, except quick-filver, the viſible fluids we can command, are eithetu eo 
an aqueous, or oily nature; and that moſt bodies, whereof we can m lour, 
ſolutions in liquors of the former kind, will not diſſolve in thoſe of Wal his 
latter; we preſume, that the moſt ſaline bodies, ſuch as alum, vitri . | 
ſal-gem, borax, ſublimate, &c. may be commodiouſly weigh'd in of ll £ : 
fluids, as oil of turpentine, for inſtance, or rather the ſpirit of turpenti F he 
which I, in this caſe, prefer to any other fluid. 4 * 

And here, to avoid the trouble of calculation, we may often ell ,. 
find the ſpecific gravity of bodies to others of the ſame, or a difera Ag ag 
ſpecies; and ſo make a probable gueſs as to their genuineneſs, by beg wer 


provided with one piece of the body, of known purity, to ſerve as * 
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"IM... Thus, for example, if the goodneſs of ſublimate be ſuſpected, take Sr Arcs. 
WM. ounce of ſome that is known to be fine, carefully balance it in oil. FEY 
WW; curpentine, and note its weight therein; then an ounce of the ſuſpected 
olimate being weigh'd as the former, if it prove of the ſame gravity 


ich the ſtandard, it may be ſuppoſed good; but if it weighs leſs, tis a 


Nan it wants a due proportion of mercury. The ſame method is applica- 
4 Me to Mercurius dulcis, and many other bodies, wholly, or partially diſſo- 


ble in water; as alum, which is often ſophiſticated with ſome baſer ſalt; 


Wo Roman vitriol, which is, ſometimes, either counterfeited or adultera- 
ed by roch-alum and a tincture of copper: and, according as the weight 
Sf the body in oil recedes more or leſs from that of the ſtandard; fo the 
dulteration may be probably concluded leſs or greater. | 
I might alſo obſerve another uſeful way of eſtimating the gravity of nher way of 
plids and fluids, by taking a heavy ſolid, and carefully obſerving, once finding the ſpe- 
Wor all, its weight in the air; then weighing the ſame, firſt in one of the <#c — 
Wquors to be examin'd, and afterwards in others: whence the difference ¶ Huidi. 
etween the ſolid, and each of the fluids being obſerv'd, *tis eaſy to find 
e ſpecific gravity of each, and to aſſign the proportions betwixt them. 


But if only one ſolid be employ*d, *tis neceſſary ſuch an one be choſen; 
hath a much greater ſpecific gravity than is barely neceſſary to fink it in 


vater; becauſe ſome liquors are much heavier than that: nay, it ought. 
o be heavy enough to ſink in all fluids, except quick-ſilver, if *tis de- 
gn'd for experiments in general. But *tis not very eaſy to pitch upon 


ch a ſingle ſolid as hath all the qualities requiſite to our purpoſes : for, 
ought not to loſe any of its weight by the inſenſible avolation of 


WAluvia, yet be of a conſiderable ſpecific gravity, and not. too large, 


intenſely heavy, leſt it overload a tender balance, or require too- 

uch liquor to ſurround it; its texture ſhould be proof againſt ſharp. 

d piercing menſtrua; it ſhould alſo be of a make not. liable to be 

* or ſpoil'd; and, laſtly, of a natural, uniform, and procurable 
ance. 

Brimſtone, hard wax, ivory, and white marble, have been, when pro- 

rly ſhaped, ſeverally made uſe of for this purpoſe; yet they all wanted 


ne or other of the deſirable qualifications mention'd. I, therefore, fre- 
Wuently employ'd three other bodies, as more proper. The firſt was a 
Piece of amber, between three and four drams in weight, of a high yellow 
Wolour, very tranſparent, and of an uniform texture, and convenient figure. 


his we apply*d to examine the lighter ſort of liquors; ſuch as water, 


vine, brandy, Sc. but *tis not proper for the more ponderous liquors, 
ce twill float at the top thereof. 


The tecond is a globular glaſs, which I caus'd to be blown at a lamp, 


nd to be hermetically ſeal'd at the neck, that was purpoſely made very. 


hort, after there had been lodg'd therein juſt as much quick-ſfilver as we 


Psd would ſerve to fink it in any fluid, except mercury. This, by 
on of its great bulk, in proportion to its weight, was fit to diſcover 
nute differences in the gravity of the liquors *twas weigh'd in, and 


could 
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STATICS. could not be corroded by ſharp menſtrua; and therefore, on ſeveral oca 
WWYN) ſions, I prefer'd this inſtrument to either of the other. 


The ſeveral 
ares thereof. 
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But this being too liable to accidents, for experiments that are to be jy, 
parted, and recorded for poſterity ; I made uſe of rock-cryſta], which 
on account of its numerous good qualities, affords a fit meaſure, when 
other bodies may be compared. Of this pure concrete, we employ da 


almoſt compleat globe, weighing in the air two ounces, thirty-three grain, i 


wherein were two ſmall holes near one another, that might eaſily be fg 
ped up with hard wax, after an horſe-hair had been run thro? them; jy 
means whereof it was eaſily faſten'd to the ſcale, and made to hang in ti 


water. The bulk of this ſphere made it the more fit to diſcover ſmall dj, 
ferences between liquors, in point of gravity : but becauſe we may hy 


often occaſion to know the weight of fluids, which, by reaſon of thi 
ſcarcity, we can command only in ſmall quantities; as chymical oils, ti, 
Etures, eſſences, c. we provide for ſuch liquors an hexagonal priſn 
natural cryſtal, with a kind of pyramid at one end, which, by reaſon y 
its oblong figure, might be commodiouſly weigh'd in a ſlender cylindrig] 
glaſs, that required but a ſmall quantity of liquor to ſurround a body 
conveniently ſhaped, and that weigh'd in the air but half an ounce, a 
ſixteen grains. And to render the obſervations made with theſe two b 
dies upon medicinal and other liquors, the more uſeful ; let it be taken. 
tice of, once for all, that the ball of cryſtal was to an equal bulk of . 
ter, as 2.57 to I, or thereabouts; and the priſmatical oblong piece, x 
2.66 to 1, to the ſame. 

I have been the more particular upon the way of trying the gravity d 
ſeveral liquors with one ſolid, becauſe a double application may be mate 
of it on ſeveral occaſions, ſerviceable to chymiſts, phyſicians, apothec- 
ries, and others. | 

And firſt, a piece of clear amber, or ſome ſuch convenient bod, tut 
is not too little, nor, in ſpecie, too heavy, may ſerve the chymiſt, apothe- 
cary, c. to make probable gueſſes at the degree of ſpirituoſity, or ten 
ity, to be found in many liquors belonging to the vegetable, or animil 
kingdom, and this with far leſs error than by thoſe ſigns whereon tit 


common conjectures are grounded. For a ſtandard liquor being prot WY 


ded, twill be eaſy, by obſerving the different weights of amber in {even 
fluids, to judge of the fineneſs of any of them in its kind; for, cæleris pure 
bus, that is the thinneſt, or abounds moſt in ſpirituous parts, where the ſ- 
lid weighs more than in another; as for inſtance, the amber we en. 
ploy'd, that in water weigh'd 63 grains, weigh'd in common red Han 
wine 83 grains; in common brandy, of a pretty good ſort, 17 g gras 
and in ſpirit of wine, highly rectify'd, 34 + grains. The fame way M 
be employ*d to judge of the ſtrength of ſpirit of vinegar, &c. But het 
it muſt paſs for a general rule, that, probably, as in liquors the ſoli 
weighs more or leſs, according as the liquor *tis weigh'd in is moſe d 
leſs ſpirituous ; ſo, on the contrary, in acid {|itits and liquors, the leſs the 
ſolid weighs, the ſtronger the fluid muſt be reputed, that greater deere 


ally tc 


articule 
And 1 


| ions, | 


loy*d 
tie ſame 
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ad ſalts. 

W- Tis another advantage of this method, that as the common way of 

ing the goodneſs of ſpirit of wine, brandy, Cc. by ſetting fire to a 

on{ul of them, to ſee how much is inflammable, and what portion of 

Niegm will be left behind; whereby, in tract of time, a conſiderable loſs 

Wſultain'd : the proper proof may be made in our way, without any ſuch 

ence. 

By theſe obſervations, alſo, eſtimates may be made of undiſtill'd liquors 

& the ſame kind; as ſeveral ſorts of beer, ale, cyder, &c. and the ſame 
lid may be employ'd to compare liquors of different kinds with each 

er, 

But if the liquors to be examin'd are very ponderous, amber will not be 

proper ſolid in this caſe: for I have found by trial, not only that it 

ims or floats in ſeveral fluids made by ſolution of ſalts, whether in the 


ſalt of pot-aſhes, Ec. but that ſome diſtilPd liquors would not ſuffer 
to link to the bottom of them; as I found in oil of vitriol, ſpirit of ni- 
. and even good ſpirit of ſalt. 
There is ſtill another uſe to be made of our hydroſtatical ſolid, which 
ay frequently be as confiderable in general, by aſſiſting in proportioning 
ſtrength of menſtrua, as the former is to diſcover the ſtrength of par- 
ular liquors already prepared. For there are many experiments that do- 
t ſucceed ſo well, unleſs the liquor be of a determinate degree of ſtrength. 
us I have found, that if Aqua fortis, whoſe ſtrength is reckoned the 
ſt quality it can have, were rectify*d too high, it would not diſſolve ſil- 
Wr, but require to be weaken'd by an addition of water; and that it would 
t near ſo well diſſolve the raſpings of crude lead, when only moderately 
ong, and fit to diſſolve ſilver, as when conſiderably diluted with water. 
an making extracts from many vegetable ſubſtances, chymiſts them- 
cs may fall into a miſtake, by affecting to employ their moſt rectified 
ic of wine, as the beſt menſtruum for their purpoſe ; for the medicinal 
tue of many ſuch bodies does not wholly reſide in what they call their 
| Iphur, or roſin, which indeed is beſt diſſolv'd by highly rectify'd ſpirit 
vine; but in a more gummy, and, perhaps, mucilaginous ſubſtance, 
r whoſe extraction a moderately low ſpirit is more proper. Thus we ſee 
at gum-arabic, gum-tragacanth, c. are indiſpoſed to diſſolve with the 
Wit rectify'd ſpirit of wine, but readily mix with more aqueous liquors. 
nd ſome bodies, tho? diſſoluble in both kinds of menſtrua, yet open leſs 
aly to ſtrong ſpirit of wine, than wateriſh fluids ; as may be obſery*'d 
wticularly in myrrh. . | 
And thus much may ſerve to.ſhew how uſeful it will be, on ſeveral oc- 
ons, to regard the degree of ſtrength of the menſtruum, or liquor, em-- 
loy'd in any curious experiment; ſo that when it ſhould be repeated to- 
e ſame purpoſe only, we may be able to bring the fluid we make uſe of 
* the ſame degree of ſtrength with that before employ'd, which ge 
1 the 


335 


weight proceeding uſually from the greater proportion it contains of STAT1cs. 


NWN 


Piſt air, or with water; ſuch as oil of tartar per deliquium, a ſolution of 


ag * 
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STAT1cs. the deſigned effect. But, in very accurate experiments, tis proper to q. 

WYNL ſerve, that if the liquor be very ponderous in pecie, as oil of vitriol, or; 
of tartar per deliquium, ſomething ought to be placed in the ſcale, fr 
which the ſolid hangs, to compenſate for the increas'd part of the ha 
which muſt be conſider'd as a ſomewhat lighter body than the fluid, 3 
therefore capable of buoying up the ſolid. 

$:i]1 other me- Beſides the method juſt mention'd, there is another, which we haves; 

ch, for the ten found of ſervice, in comparing the weight of different liquors of g. 

ſame puipaſe. ſa me magnitude. This is done by ſucceſſively filling a vial, furniſh'd wi 


and 
9 alll 


1 
4 


a long ſlender cylindrical item, to a certain ſtanding mark, made neart} 
top, with the ſeveral liquors, to be, by weight, compared together, Py 
this not being hydroſtatical, I ſhall no longer inſiſt upon it here. To Dry 
ceed, therefore, there is, likewiſe, another way to diſcover whether tw 
or more liquors propoſed differ in ſpecific gravity 3 and to make ſome ci 
mate of their difference: viz. by a hollow cylinder of braſs, or other ny 
tal, made ſomewhat heavy at the bottom, that it may ſwim upright; whit 
will fink more or leſs, in ſeveral liquors, as they are lighter or heaix 
than one another. But Merſennus, who propoſes this way, confeſſes ith 
be very difficult to make ſure obſervations thereby; to which I add, th 
the metal may be corroded, or otherwiſe affected by urinous menſtry, 

What Merſennus ſaid of this inſtrument, is applicable to a different os 
made of two glaſs bubbles, and a very ſlender ſtem, which is hermetic: 
ſealed, with a ballaſt of quickſilver in the loweſt, to keep it ſteady, wha 
partially immers'd in liquors, where, like the metalline cylinder, it ſn 
deeper in the lighter than in the heavier, according to their differences 
gravity. But tho* I have often employ*d this inſtrument, and foundi 
ſerviceable, when I made uſe of ſeveral of different ſizes, according tothe 
various liquors I was to examine; yet it is, in many caſes, interiortothe 
balance. | | 

Merſennus alſo propoſes another hydroſtatical manner of weighing |t 
quors in water, thus. Take a glaſs vial, to which, being firſt weigh'd mar, 
and then in water, you are exactly to fit a ſtopple of wax, or cork; ti 


done, fill the vial with the liquor you would examine, ſo that no air bei f 1igq 
between that and the ſtopple: the veſſel, thus fill'd, is to be weigh'0n Mende: 
water, and ſubſtracting from its weight there, that of the glaſs in vir Hay 
and alſo that of the ſtopple, the remainder will give the weight of the lu tis fit 
in water. This may perhaps be ſerviceable, on ſome occaſions, e Am 
fear it is troubleſome in practice; for ordinary vials, capable of ch one oi 
taining a competent quantity of liquor, are uſually too heavy to be app hich 
to tender balances; and common ſtopples will be ſubject to various in dulter 
veniencies: for which reaſon, I prefer to it a method I formerly though: fare: 
and which I have ſometimes put in practice, by chuſing a ſmall rout Ity of 
vial, and inſtead of ordinary ſtopples, fitting it with one of glaſs, cart"! AP"! of ti 
ground to the neck of it: ſor, by this means, the inconveniencics d Pecific 
ſtopple, lighter than water, were avoided ;-nor would that alter its [pc W!ly re 
gravity, either by abſorbing, or evaporating 3 nor would it be en iſcove 
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by the moſt ſubtle, or corroded by the mat fretting ſpirits: to which may STAaT1cs. 


be added, (becauſe, in ſome caſes, it is conſiderable) that a glaſs ſtopple. N. 


vill not communicate any tincture, or extraneous quality to the liquor; 
which cannot be ſaid of cork, or wax, in regard of ſome ſubtile, and very 
W corroſive liquors. This vial, then, together with its ſtopple, being carefully 
Veigh'd, firſt in air, and then in water, to ſettle the gravity of the whole 
Winſtrument; we fill'd it exactly with the liquor to be examin'd, and pro- 
ceeded as if we were to weigh quick-filver, in the manner already de- 
ſcribed: the weight of the given liquor in water being thus obtain'd, its 
proportion, to an equal bulk thereof, may be eaſily diſcover'd. This way 
Jof examining liquors has its uſe; and I the rather, ſometimes, made choice 
Wthereof, becauſe tis applicable to all kinds of fluids, whether heavier 7: 
1 W/ecic than water, or lighter. THF OIOLERI 6) 1 92.7 


0 Laying aſide the ſtopple, the round ball may ſerve, on ſeveral occaſions, 
PFaſtead of the hydroſtatical bucket, formerly mentioned; for the weighing 
a f quick- ſilver, and heavy powders; eſpecially coarſe ones. But, if the 
Inſtrument be fitly ſhaped, and not too heavy, a greater conveniency than 
This attends it: for when you have liquor enough to ſurround the bottle, 
t may be commodiouſly ſubſtituted for the hydroſtatical bubble, with quick- 
Wlver ; its exact ſtopple ſupplying the place of an hermetical ſeal: and, 
Peſides, *tis far leſs ſubject to break than a bubble. That I made moſt 
ſe of, which weigh'd about 709 grains, being well ſtopp'd, with only air 
In it, would fink by its own weight, in brandy, wine, water, Sc. And, 
If it were to be employ'd in T__ much more ponderous than water, as 
Vana fortis, oil of tartar per deliquium, Sc. *twas eaſy to fit it for them, 
Wo, by putting into it a quantity of quick- ſilver, of a determinate weight, 
defore it be ſtopp'd; which balaſt, when the operation is over, may be 
Walily taken out, and kept a-parrt for the like uſes. 

W But, notwithſtanding all this, ſince glaſſes of a proper ſize, ſhape, and 
eight, fit for tender balances, and furniſh'd with exact glaſs ſtopples, 
e very difficult to procure ; and ſince the way itſelf is ſubje& to ſome 
conveniencies, it ſeems, in general, that this way of finding the weight 


f — 2 in water, is inferior to the more ſimple ones, before recom- 
ended. 


one of the leaſt, that it gives him the ſpecific gravities of various liquors ; 
Fbich may not only help to diſtinguiſh the genuine and good, from the 
alterate and decay'd, but ſerve to other purpoſes alſo. Inſtances here- 
f are afforded by the juices of herbs, and fruits; a determinate quan- 
of which, being firſt weigh'd in the hydroftatical bucket 3 and ſome 
1 il of turpentine poured on it, we fink it warily in the ſame liquor, whoſe 
| —_ gravity to refined ſilver, or clear rock cryſtal, is before-hand care- 

£8 ly regiſtred: for thus ſubſtituting this oil for common water, we may 
3 the ſpecific gravity of liquors that would mix with water. And, 
Vor. II. X x by 


| Having now laid down the method of weighing one liquor in another, The u/e and ad. 
Wis fit we ſubjoin ſome application of it. | vantages of 


Among other adv : jan. »tis bing one 
8 antages of hydroſtatics, to a ſagacious phyſician, tis ND bs an 
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STATICS, by this means, we may find, not only the difference in weight, betwey 
SYN the juices of plants of differing kinds, but, on ſome occaſions, obſerve hon 


All water, 
nearly of the 
Same weight. 


far the keeping of a juice, for ſome time, or thefermentation, or putrefaqin 


thereof, will alter its ſpecific gravity. Other liquids, alſo, that are uſed 


in phy ſic, but not ponderable in water, may, by this way, beexamin, 
as honey, vinegar, verjuice, &c. And, by the ſame method, likewiſe, c 
ſpecific gravity of the juices of fruits, may be diſcover'd, and compar di 
gether. And hence a perſon of curioſity will, probably, be enabled 1 
take notice of the differences produced in their ſpecific gravities, thro' the 
ſeveral ſucceſſive ſtates, at different times. Thus the juice of ripe gray 
alters when newly preſs'd; again, when it begins to ferment ; when ith. 
comes new wine; when it has attained its full maturity, and perfectiq 
and, laſtly, when it degenerates into prick'd wine, and abſolutely chang 
into vinegar, or Vappa. 

It may be here proper to obviate an objection, that will, probably, | 
made againſt the method hitherto deliver'd, of finding a proportion i 
weight, betwixt a ſinking body and water of the ſame bulk. Naturilik 
might alledge, that, by this method, we cannot diſcover the proportin 
between a ſolid body, and water in general ; but _——_— the props 
ſed body, and the particular water *tis weigh'd in; becauſe there may x 
a great diſparity between liquors that are call'd common water. Thu 
ſome travellers tell us, that the water of the river Ganges is, by a fit 
part, lighter than ours. 

To this plauſible objection, I anſwer, firſt, that having had opport: 
nity to examine the weight of various waters, ſome of them taken up 
places very diſtant from one another, I found the difference between ther 
ſpecific gravities to be exceeding ſmall; perhaps, not above the thouſand 
part of the weight of either: nor did I find any conſiderable differen, 
between the weight of ſeveral waters of differing kinds; as between fring; 
water, river-water, rain- water, and ſnow-water : tho? this laſt was lone 
what lighter than any of the reſt. And having received water from the 
river Ganges itſelf, I found it very little, if at all, lighter than ſome d 
our common waters. 

And ſecondly, *tis not neceſſary that the proportion obtainable by ol 
method, ſhould be mathematically exact: for in experiments where t 
are to deal with groſs matter, and employ material inſtruments, a pi 
ſical accuracy will ſuffice. 


75 3 4% There is an uſe of hydroſtatics, which tho? it do not directly tend tothe 
magnitudes of examination of the Materia medica, may yet be ſerviceable, both to the 


bodies, hydro- phy ſician and the naturaliſt, in delivering deſcriptions thereof; and there 


ftatically. 


indirectly conduce to the knowledge of drugs; and help to diſtinguibi 
tween genuine and adulterate ſimples. *Tis known, that the writers up" 


the Materia medica, uſually ſet down the magnitude of the bodies they 4 


icribe, by very uncertain gueſſes; and thoſe who aſfign them determimit 
meaſures, either do it by ſaying, ſuch a fruit, for example, is an inch, d 


two inches long, and half an inch, or a whole one, broad: but, 4 
8 


15 
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ag to this way of deſcribing bodies, there may, by reaſon of the great STATICS, 
W.ricty of figures they are capable of, be a very great difference in the CFWw 
Wl: of bodies, to each of which, the ſame length and breadth are ap- 

cable. 5 

I cauſed ſeveral cubes to be carefully made, by skilful artificers, of dif- 

rent ſizes, and materials, whoſe ſides were each of them an exact inch, 

Fa preciſe number of inches. Theſe cubes being carefully weigh'd in 

Fact balances, firſt in air, and then in common water, we concluded, 

om the reſult of our ſeveral trials, that, without conſiderable error, a 

Wbical inch of water might be ſuppoſed to weigh 256 grains. 

& Suppoſe then for example, that a ſolid heavier in ſpecie than water, 

Kvang been weigh'd firſt in the air, be found in water to loſe 256 grains 

ts weight; the dimenſions of this ſolid, if it were of a cubical 

pe, will equal a cubic inch; ſo that if the given body be ſuppos'd a 

ral eaſily fuſible, as tin, or lead, melted and pour'd into a hollow, 


. Wecalline, cubic inch, and ſuffer'd to cool, it would exactly fill it. For a 
' king ſolid weighs leſs in water than in air, by the weight of an equal 
. Ik of water. And, as a cubical inch of water weighs 256 grains, it fol- 
p 7s, that when the decreaſe of a body's weight in water is 256 grains, 
| > ſolid content of that body is a cubical inch; ſince a body of water, 
* ighing 256 grains, is equal in magnitude, as well to the ſolid, as to a 
eic inch of water. 
And here it may prevent a ſcruple, to obſerve, that to make bodies 
al in magnitude, it is not neceſſary that they ſhould be of the ſame 
5 ght or matter; as is evident in bullets of copper, tin, and gold, caſt 
g 31 be ſame mould. For tho? they be all a+ go in bulk, yet the bullet of 
4 ver will be much heavier than that of tin; and the bullet of pure 
2 d, more than twice as heavy as that of copper. Whenſoever, there- 
1 \ A ſolid, ponderous enough to link in water, loſes therein 256 grains 
— he weight it had in air; the magnitude, or bulk of that body, is equal 
* cubical inch; of whatever matter it conſiſts, or of what ſhape ſoever 


. And, in caſe the ſolid propoſed, loſes of its weight in the water, 
than 256 grains; its bulk will be proportionably lefs than a cubical 
W. Thus every 32 grains that the ſolid loſes of its weight in the wa- 


* anſwers to an eighth of an inch in the bulk of the body; ſo that if 
"oy decreaſe be 128 grains, the ſolid will be half a cubic inch; and if 


(4 grains, a quarter of a cubic inch: on the other ſide, if thedecreaſe of 
_— given body, exceed the ſtandard, 256 grains, twice, thrice, &c. the body | 
be equal to two, three, &c. cubical inches. a 


the 
Terk Us caſy, from the doctrine deliver'd, to diſcover, hydroſtatically, the 7s gain the /+- 
vibde ee of a body, heavier in ſpecie than water: but to meaſure, by %% 4 
n elp F water, the ſolidity of a body lighter in /pecie than that fluid, . H Ab 
they & work of more difficulty. In order to it, we may conſider there are hn water. 


a _ bodies, _— will not, naturally, ſink in water; ſome, being 
| exture, reſiſting it; and others abounding with po ich 
Poſe them to imbibe the water. n 


X x 2 Now 
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Now the weight of a body of the firſt kind, may be gather'd from th 
of the water equal in magnitude to the immerſed part of the body, yy, 
it floats freely thereon. Thus, if a parallelopipid, or a cylinder of wy i 
twelve inches long, placed upon water, ſhould reſt there when a twejz 
part of it lies beneath the ſurface of the fluid; the weight of the wit 
equal in bulk to that immerſed twelfth part, would be equal in weigh 
to the whole body of the wood. But becauſe the bodies, whoſe bulk pj, 
ſicians and chymiſts may have occaſion to examine, will very ſeldom hy, 
pen to have regular figures; tis proper to add another method, moreſuj, 
ble to the preſent deſign. To meaſure then the ſolid contents of bo 
ſpecifically lighter than water, but irregularly ſhaped* ; the body mij 
firſt, be weigh'd in air. 2. A plate of lead, capable of ſinking this ig 
in water, and of ſome round ſum in weight, ſhould be provided. U 
plate being weigh'd in water, and its weight therein ſubſtracted n 
weight in air, will give the weight of as much water, as is equal in bu 
to the immerſed lead; or the ſpecific weight of the lead in water, 4, Th 
plate of lead, and the lighter body, muſt be tied together with horſe- 
and the weight of the aggregate noted. 5. This aggregate mult be weg 
in water, and its weight therein ſubſtracted from that it had in air; w 
the difference will give the ſpecific weight of the ſaid aggregate in vi WM. t 


6. From this difference ſubſtract the ſpecific weight of the plate in was, WWF Wil of 


and the remainder will give the weight of the lighter body in the {in wiſe k 
fluid. Then, laſtly, that weight of the light body in water being diviz ade 
by 256 grains, will give its ſolid content. When c 

To clear and confirm this method by an example; we took a com WY 
niently ſhaped piece of oak, that weigh'd in air 193 4 grains; to thi 
tied, with an horſe-hair, a plate of lead, weighing juſt 240 grains. B 
before we tied them together, the lead was weigh'd in water, eri 
loft of its former weight 20 grains; which, being deducted out of the 
240 grains, left a difference of 20 grains, for the ſpecific weight of it 
lead in the water. Then the aggregate of the wood and lead was weig!6 
firſt in the air, and found to be 433 2 grains, and next in water, Vi 
it amounted but to 162 grains; which being ſubſtracted from the aggregi 
of the ſame bodies in air, the difference was 2712: grains; from vii 
the other difference of 20 grains of the leaden-plate in water being 
ducted, there remain'd 251; grains, for the weight of a bulk of wil 
equal to that of the given piece of wood. Now, if this number of gi 
had amounted to 256, we might have concluded the ſolidity of the u 


There is a very eaſy method of ob- | and the additional height given it 14 | 
hk the content, or cubic meaſure, of body be marked on the velle]; = © | 
any ſolid, tho” ever ſo irregularly figured. | enable us to meaſure a part of the "= 
For, fince ſuch a body, names fa. in a eylinder or priſm, equal in bulk to 2 * 
fluid wherin it will not diffolve, cauſes irregular body. And thus may the 6 
that fluid to riſe in direct proportion to content of ſtatues, carv'd or 
the bulk immerſed; if the fluid be con- | work, Oc. be known. 
tain'd in a cylindrical or priſmatic veſlel, 
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bea cubic inch; fince 256 grains of water, which we formerly found Srarics. 


e given piece of wood. And having cauſed the wood I employ'd to be 
W,-mcd into a cubic inch; the difference of its weight in water from 256 
ins, may, probably, be imputed to ſome little imperfection in the 
ore, or other like circumſtance. Firſt, then, the cube of oak in air, 
WW cioh'd 193 + grains. 2. The lead in air, 240 grains. 3. The lead in 
ater, 220 grains; which, ſubſtracted from its weight in air, leaves for 
ſpeciſic weight in water, 20 grains. 4. The aggregate of the two 
air, 433 * grains. 5. The weight of both together in water, 162 
Frains; which, ſubſtracted from the ſum of their weight in air, gives the 
cgerence of the two ſeveral aggregates, 271 x grains. 6. The difference 
rween the weight of the lead in air, and in water, 20 grains; which, 
oſtracted from the difference of the weights of the aggregates in air, and 
water, gives for the weight of the propoſed cube 251 * grains. . 
This way of meaſuring bodies is appropriated to ſuch of them as will 
Wot readily diſſolve in water. But, becauſe there are many other ſolids, 
falt, alum, vitriol, ſugar, Sc. whoſe magnitudes it may often be proper 
know and compare; I ſhall add, that the ſame method is applicable, 
Wo, to ſolids diſſoluble in water, if, inſtead of that fluid, be ſubſtituted 
Wil of turpentine, whoſe proportion of ſpecific gravity to water is other- 
wiſe known. To diſcover this, Iemploy'd the hollow cubic inch of braſs, 
ade uſe of to find the weight of acubic inch of water; and found, that, 
When carefully filled, it contained 221 5 grains of this oil: by which num- 
Wer, the difference of the weight of a ſolid in the air, and in that oil, being 
vided, the quotient will give the ſolid contents of the body to- be ex- 
Wnincd. 

Let us now conſider how ſuch bodies as, by their poroſity, are ſubject 
imbibe too much of the liquor, while the experiment is in hand. 
Merſennuꝶ s expedient, in this caſe, is to cover the body to be weigh'd in 
ter, with wax, pitch, or ſome other glue, of a known ſpecific weight 
water. But I prefer bees-wax for this purpoſe ; and proceed with it 
the following manner. The ſolid which is lighter than water, having 
en firſt weigh'd in air, over-lay it carefully with thin bees-wax ; then 
ke, alſo, in the air, the weight of the wax employ'd ;, and faſten to the 
ay thus coated, a plate of lead or tin, heavy enough to ſink it; and ob- 
rve the weight of the aggregate in water. This done, ſubſtract the 


eight of as much water as is equal in bulk to the wax, and proceed as is 
efore taught. 


it by b But this method helps us only to the weight of the propoſed body in 
; * aer; to diſcover its ſolid content, we muſt divide the weight of the ſolid 
_ - MP water, by 256 grains. e | | 

| 0 And, by the way, I have, ſometimes, made uſe of another expedient to 
U 


inder ſmall ſolids, whether lighter or heavier in /pecie than water, from 
bibing the liquor wherein they were weigh'd : for having firſt found the 
eight of a cubic inch of quick - ſilver; we placed the body to 1 
ured, 


11] to a cubic inch of water, was alſo now found equal to the bulk of N 
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LYN. the ſpace that remain'd unpoſſeſſed by the firm body being fill'd with quig, 

ſilver, *twas eaſy to know, by the difference in weight ot that Quick. 
ſilver, from the weight of thequick-filver requiſite to fill the whole yeſy 
how much thereof was equal to the ſurroynded body. And, by ti 
means, and the knowledge before gain'd of the weight of a cubical inchy 

mercury, the ſolid content of the body propoſed, was eaſily obtain'd. 
What t Before I put an end to this diſcourſe, *tis proper to ſhew what crej 
—_ 2:1: may be given to the eſtimates of the weights and proportions of bod; 
hyarofatica! Obtain'd by hydroſtatical trials; becauſe mathematicians, either not kngy, 
experiments. ing, or not applying our obſervation about the ſpecific gravity of rock, 
cryſtal, and the nature of oil of turpentine, have given us very dif. 
rent accounts of the proportions of metals, and a very few other family: 

bodies, which are all they ſeem'd to have examin'd by this method. 

And, indeed, I ſhould not be ſurprized to find, that the experiment 
of the ſame perſon, made at diſtant times, and under different circun. 


ſtances, diſagreed ; for ſome difference there may be betwixt the watersen. MW as 
ploy'd in this caſe ; eſpecially if the air be at one time intenſely hot, andy dceed 
another exceeding cold. The difference, alſo, of degrees in goodneſs of th Wnd ir 
balances uſed in nice experiments, is not altogether inconſiderable. But e to: 
greater hindrance to the accuracy of hydroſtatical experiments, is the df. WF her in 


culty of finding an exact uniformity in weights of the ſame denominatin, 
which are vulgarly ſuppoſed to be exactly equal. I have myſelt foundith 
difficult in practice to procure, and keep weights as exact as I deſired, that! 
have left off the hopes of it; for the very air may, in time, cauſe an alt- 
ration in them. And tho? the accurate Ghetaldus's tables of the weight! 


. 
cautio 
eigh d 
oſophie 
neans, 


| metals, and ſome other bodies, in reſpect to one another, are look'd upona | the { 
the moſt authentic that have been publiſn'd; and are, accordingly, themoſ * 

made uſe of; yet *tis certain, the weights he employ*d are not divides Wein, by 

ours are. For tho', according to him, as well as with us, the ounce con. r the 

ſiſts of four and twenty ſcruples ; yet the ſcruple, which with us is dividel 3 

but into twenty grains, he divides into twenty - four. But tho? hydroſt- Feel o 

tical experiments are not, always, either ſingly accurate, or exactly agree — 2 

ract 


able to one another; they prove accurate enough to be very uſetul i 
practice, and more exact than any other method, hitherto employ d, d 
determining the proportions of bodies, in point of weight and bulk, a 
of meaſuring their ſolid contents; but, eſpecially, ſuch little ones as at 
neceſſary to be examined in the Materia medica. And this is a corolla! 
from the whole of what we have deliver'd. | 

And, indeed, as little as my skill is in hydroſtatics, I would not * 
debarr'd from the uſe of it, for a very valuable conſideration ; for it lu 
already done me acceptable ſervice, and on a vaſt variety of occaſion; 
eſpecially in the examination of metal and mineral bodies, and of ſe⸗ 
veral chymical productions. I have often been able, by its means, ® 
undeceive artiſts in their perſuaſion of poſſeſſing Luna fixa, and othe 


valuable commodities; and to make a Judgment, as to the genvinent 


falſity, 
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and as to the degrees of worth or ſtrength of many rich and STaTics. 

dor metalline mixtures, and other bodies, both ſolid and fluid; whoſe 
ir appearances might, otherwiſe, have greatly deceived me. | 
And to ſhew ſome curious perſons how far hydroſtatics might be ſer- 
eable to as accurate menſurations as need be expected in phy ſical expe- 
ents ; I deſired a virtuoſo to mix tin and lead in a certain proportion, 
known to me; and melt them into one maſs ; which I carefully weigh'd 


water, and alſo examined it algebraically; and from hence aſſign'd the 
pectire quantities of each; which agreed, within little more than a grain, 


Ich thoſe he had committed to paper, before he mixed them. 


And this 


all difference, probably, proceeded from ſome fcarce avoidable in- 

uracies in melting and managing the given bodies. 
ro conclude ; *tis-not to be expected, that the ſpecific gravities of the 
dies mention'd in the following table, ſhall, all of them, be found, in fu- 
e trials, preciſely the ſame as we there exhibit them. For, beſides 
t experiments are made by perſons of different qualifications, with dit- 
N nt degrees of care, and with different inſtruments; * the varieties may 
dceed from a difference in the texture and compactneſs that may be 
| Ind in ſeveral bodies of the ſame kind. For, neither nature, nor art, 
1 e to all the productions of the ſame name, a mathematical preciſeneſs, 


er in gravity, or other qualities, 


Dr. Furin recommends it, as a neceſ- 
caution, to all thoſe who ſhall attempt 
Peeigh dry, porous ſolids in water, for 
Woſophical 4 N that, by ſome pro- 
means, they firſt extricate the air out 


the ſmall pores and cavities of them; 
Wreby the water may have free liberty to 
Wer thereat : otherwiſe the air contain'd 
in, by keeping the water out, will 
r the ſolid lighter in water than it 
is. The beſt way of avoiding this 
avenience, the Doctor tells us, is to ſet 
eſſel of water, wherein the ſolid is im- 
ed, under the receiver of an air-pump, 
xtraCt the air out of the body; which 


| 


will ſucceed the better, if the water be firſt 
heated over the fire: or, in defect of an 
air- pump, he directs us to let the ſolid, if 
its texture will ſafely permit, continue for 
ſome time in boiling-water, over the fire. 
To a negle& of this obſervation, the Do- 
Qor thinks, among other things, is owing 
that difference found in the accounts of the 
ſpecific gravity of the Calculi humani. And 
when the air is thus extracted out of wood, 
as oak, fir, Ic. and the roots, ſtalks, leaves, 
and ſeeds of vegetables, they prove ſpecifi- 
cally heavier than water. Ph1i/of. Tranſact. 
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Amber 


A Gate — 
A piece of alum-ſtone 


1 


Antimony, good, and ſuppoſed Hun- 


garian 6 


Bezoar ſtone 
A piece of the ſame 
A fine oriental one 


Another 


.Calculus humanus 
Another — 
Calx of lead 

Cinnabar, native 
Cinnabar, native, and very ſparkling 
Cinnabar common 
Cinnabar of antimony — —— 


Coco-ſhell 


Copper-ore 
Copper-ore, rich- “ 
Copper- ſtone — 


Coral, white 


Another piece, fine — 


Coral, red 
Cornelian 


Crabs eyes, native 
Crabs eyes, artificial 


Cryſtal 


oy 
e 


om — —„ 


| 


— — — —ä. DV 


i 


[II 


Gold-ore, notrich, but brought trom 


the Eaſt- Indies 
Another lump of the ſame 
Granat, Bobemian 


Granati minera 


Ivory — — 
Lapis Calaminaris 
— Hematites, Engliſh 


— Fudaicus 


—— Lazuli, one piece 


—— Mauati 


A fragment of the ſame 


e 
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TABLE of the ſpecific Gravities of Bodies o 
pared with Water. * 


Weigb'd In Na- 


in Air. 


Proporiim. 


2.64 
2.18 
1.4 ' 


4+] 
1.48 
1.64 
1.53 
1.34 
1.72 
1. 47 
8.94 
7˙57 
7.0. 
8.1 

1-3 

1.34 
4.15 
417 Uu 
4.09 N 

2.54 
2.5] 
2.03 


3-29 


Grains. 
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Weighs — 8 —— Proportion. | 
e e in Air. 1 | 
nother ee — 38 797 1 2.33 
nother from Jamaica —— 7” 2.27 | 
WWcad-ore ETON ACE onde "O86 "300-1. 7-08 
W nother rn rich 1872 1 1586: 64 f 
ee, pee. f t "230 | "3:53 0 
Farcaſite — — 814 © 631. 4-65 | 
Inother from Stalbridge 243 189 48 x 
Inother more ſhining than ordinary 287 227 4.78 
ineral, Corniſh, like'a ſhining mar- | | | [ 
SF calite IS 19 1 ar... 
We of ſilver, choice from Saxaky 0 607 a 8 
zother piece — 1120 95556 7 '- 
ſteocolla — 195 188 
Pinocèros's horn ——— — $503 _ 4260 | - 1.99 | 
dck-cryſtal ———— — 25 240 |» 203. 
We, Triſh Ns ni 299 407 4 F 2.49 we 
bur vivim m —— — 371 185 dh 3 
erman, very fine — — 306 I52 1.98 | 
Llc, a piece like Lapis Amianthus 596 334 2.28 
& = — — 082 508 | 2.73 | 
1 | 
— Jamaica — — ry 1423 | 3 | 
in-claſs — 1 1 8 
— New- Engliſh — * 4.35 1 
W-ore, black, rich — 11293 984 4.18 
other piece, choice 2893 2314 8 | 
ty, a ſingle piece 104 83 5 
riol, Engliſh, a very fine piece 1093 512 1.88 
* — — 3571 2821 4.76 
Ul Icorn's horn, a piece — 1057 195 ; 1.91) 


Later trials have furniſh'd us with 
_— table of the TIT gravi- 


| ties of ſolids and fluids. 


17.4 BLE f the 7 Greviie of ſeveral 2 
and uid Boi 

Ine gold —1 9,640 Biſmuth .. —9, 700 

Standard- een, 888 Copper 9, ooo 
Ick-ſilver 14,000 | Caſt braſs , ooo 
| id ee 12 22 11,325 Steel, ſoft - —7, 738 
1 * — 11,091 the ſame hard 7,704 
| _—— . — 10, 535 iece ,) ſpring temper 7, 80 
ö Wor, II. | ? Y y P Pring temper — 7 . 


SrA Tics. 


Ro — —— ———— 
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STATICS? Iron _—_—,04 | 
rin ——— 7,320 
Glaſs of antimony -5,280 
A pſeudo-topaz— —4,270 
A diamond 3,400 
Clear cryſtal glaſs— —3,150 
Iſland cry ſta. ——2,720 
Fine marble —— —2, 700 
Rock · cryſtal— 2,650 
Common green glaſs 2,620 


Stone of a mean gravity——2,500 


Sal gemma ————,143 
Brick ——— 2, ooo 
Nitre, kk 1,900 
Alabaſter —————1,875 
Dry ivory — —, 
Brimſtone — — 1, 800 
Dantzick vitriol —— I,715 
Alum = — 4 
Borax ———— — , 714 


Calculus humanus — 


Oil of vitriol— — 1,700 
Oil of tartar - I,550 
Bezoar w—= 1,500 
Honey 1, 450 
Gum arabic —— 1,373 


— —-—̃ 


Spirit of nitre . Dunn 
Aqua fortis 10% 
Serum of human blood 0 
Pitch — 


. Spirit of ſalt —— 
Spirit of urine——1 15 
Human blood ————, 
Amber — > I, oo 
Milk —— —1,03 
Urine _— —— 
Dry box-wood ————1,y 
Sea-water — — 1909 
Common- water —1,00 
Camphire ———=- 0 gh 
Bees- wax — — 00; 
Linſeed oil e 
Dry oak —— 0,02; 
Oil olive — 0912 


Spirit of turpentine ——9jj; 
Rectified ſpirit of wine——0 


44 — 


Dry aſh ————— 
Dry maple—————; 
Dry elm _ 0,60 
Dry fir - — 053 
Cork- ——— — 
Ar —— 0 
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Hydroſtatical Diſcourſe, 


1 [fwer to the Objections of Dr. M ORE, and others, 


againſt ſome Explanations of particular Expert- 


ments: 
With farther Confiderations thereon. 


SFr. 


Inding no cauſe to alter my judgment, as to the ſolutions I have Mechanic! 
given, of ſome of my experiments, attack'd by Dr. More; I /*/utions of 
here deſign to vindicate them from his objections. * 500 wag 

And, firſt, the Doctor having made a deſcription of my pneu- 


ric engine, pretends, that the aſcent of the ſucker, after it is depreſs'd, 
clogg'd with a weight, is not mechanically accounted for, by the gra- 


and preſſure of the atmoſphere ; becauſe, ſays he, if this ſolution 


WF were truly mechanical, he muſt have aſſign'd the true mechanical cauſe 
of the gravity of all the parts, and of the whole atmoſphere.” 

Io this I anſwer, that in delivering my experiments about the effects of 
We air, 1 did not intend to write a whole ſyſtem, or ſo much as the ele- 


nts of natural philoſophy 3 but having ſufficiently prov'd, that the air we 
e in, is not deſtitute of weight, and has an elaſtic power; I endea- 


Wur'd, by thoſe two principles, to explain the phenomena exhibited in our 
Pine; without recourſe to a Fuga vacui, an Anima mundi, or any ſuch un- 
Piloſophical principle. And ſince ſuch kinds of explanations have, of late, 


nerally been call'd, mechanical, as being grounded upon the laws of 
chanics, I thought, as I permit, ſo I might be allow'd, the uſe of that 


n; and to entitle my explanations, mechanical, in the uſual ſenſe of 
F* expreſſion. I am not obliged to treat of the cauſe of gravity in ge- 
ral, ſince many propoſitions of Archimedes, Stevinus, and others, who have 


Ty 2 written 
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Sraries. Written of ſtatics, are confeſs'd to be mathematically, or mechanically, 
wmonſtrated; tho? thoſe authors do not aſſign the true cauſe of grayity \, 

take it for granted, as a thing univerſally acknowledg*d. And, if in a, 
ſcale, of an ordinary balance, a pound weight, for inſtance, be put; 


who ſhall ſay, that the ſcales hang in equilibrium, becauſe the equal weigh 
balance one another; and, in caſe an ounce be added to one of the(cz], re 
and not to the oppoſite, he who ſhall ſay, that the former is depreſy'q,, #® But 


cauſe urg d by a greater weight than the other, will be» thought to hy 


given a mechanical explanation of the cquilibripm of the ſcales, and; 
loſing it 3 tho? he cannot give a true cauſe why either of thoſe ſcales tend;y, 


wards the center of the earth. Since, then, to aſſign the true cauſe of gra Nes o 
is not required, even in ſtatics, tho? one of the principal, and moſt knn nds 
parts of mechanics; why may not other propoſitions, and accounts, H Wt riſ 
ſuppoſe gravity in the air, and prove it too, be look*d on as mech Sec 
r | e bot 

The Doctor, however, is pleas'd to grant me almoſt as much as I nee. 
fire, as to the truth of the hypotheſis whereon my explanations are ſou, wn \ 
ed. The principal thing which I ſuppoſe, in my hydroſtatical writing Wis int 
that in water, tho“ (ſtagnant, the upper parts actually gravitate upon ti the 1 
lower; or preſs upon them, even when they do not ſenſibly depreſs then ans 
This hypotheſis, the Doctor allows, agreeable to the principles of them ſurfa 
chanical philoſophy : and, accordingly, having ſhew'd, that in a ſuſpend Thi 
tube of water, the whole liquor gravitates upon the bottom of it; ad the | 
conſequently, that all the parts thereof do ſo, the upper upon the long at of 
% provided” ſays he?” there be no immaterial principle in nature,” epa. 


Now, I as freely, as the Doctor himſelf, aſſert an incorporeal Being, tht es o 
made and governs the world. All that J have endeavour'd at, in explan WE 
ing what happens among inanimate bodies, is to ſnew, that ſuppoſig 
world to have been at firſt made, and to be continually. preſerv'd by b 
divine power and wiſdom; and ſuppoſing his general: concourſe i de 
maintenance of the laws he has eſtabliſh'd in it; the phenomena! con, 
may be:ſolv*d mechanically ; that is, by the mechanical properties of mi. 
ter; without recourſe to nature's abhorrence of a vacuum, to ſubſtanti 
forms, or to other incorporeal creatures. And, therefore, if I have ſhe 
that the phenomena, Lattempred to ſolve, are explicable by the mol 
magnitude, gravity, ſhape, and other mechanical affections of the ſm 
parts. of liquors ; I have done. what I-pretended:: which was not to pro 
that no angel, or other immaterial creature, could interpoſe in theſe cin 


for, concerning ſuch agents, all that I need ſay, is, that, in the «= preſſy 

propoſed, we want not their aſſiſtance ; and, therefore, have no occali N 

to fly to it, in ſolving our phenomena. * Ir 

That the upper But the Doctor, it ſeems, would have the gravitation of the elements in ie 55 
7 


parts of fluids proper places, ſuſpended by an incorpareal principle; and hereto he bK 
—— hen by this experiment, which, he ſays, is moſt manifeſtly. repugnant i0 d 
mypotheſis. He conceives, then, that in a bucket of water, with a 


feclly cylindrical cavity, whoſe diameter is of 62 parts, there is fol 
; : 1 


An E Haroſtatical Diſcourſe. 


ck is remov'd, the piece of wood will emerge to the top, and float: 
which,” ſays he © is impoſſible, if all the parts of the water, did nat 
only jointly preſs the bottom of the veſſel, bur each preſs'd the other di- 
rectly downwards.“ | : 
Bur, firſt, ſince according to his computation, the area of the interval 
W:ween the ſides of the veſſel, and the edges of the round board, is 123 
uch parts, whereof the area of the board amounts to 3721 3 'tis evi- 
Ent, that there muſt be room enough for the water to paſs between the 
Des of the veſſel, and the edges of the board; which is ſuppoſed, on all 
nds, to be of ſome wood lighter in ſpecie than water, ſince elle it would 
Wc riſe, upon with-drawing the ſtick. | 
econdly, this round board is not ſuppos'd to be made exactly fit to 
Wc bottom of the veſſel, and, conſequently, the water may get in between 
em; for which reaſon, *tis neceſſary to keep the piece of wood forcibly 
wn with a ſtick; which were otherwiſe needleſs ; and, conſequently, 
Wis interpos'd water, will communicate with the upper, along the ſides 
che veſſel ; which latter may, according to the laws of hydroſtatics, by 
Weans of that interpoſed, exerciſe its preſſure upwards, againſt the low- 
ſurface of the wooden plate. 
# Thirdly, the Doctor ſuppoſes an imaginary plane of water to be parallel 


at of the water that lies between this plane, and the bottom of the veſſel, 
e part is cover*d by the piece of wood; and the other, between the 
Wocs of at, and the ſides of the bucket, is cover*d with the incumbent 
ter only. 
Nov, tis manifeſt, that in water, thoſe parts which are moſt preſs'd, 
l thruſt out of their place, thoſe that are leſs preſs'd. Tis alſo evident, 
t the part of the imaginary plane, eover'd by the round piece of wood, 
t be preſs'd by a leſs weight than the other part of the ſame plane; 
auſe the wood being, bulk for bulk, lighter than water, the aggregate 
the wood and water, incumbent on the cover'd part of the ſame plane; 
itt be lighter in ſpecie, than the water alone, that is incumbent on the un- 
WP" <r'd part of the ſame plane; and, conſequently, this uncover'd part be- 
more preſs'd than the other part of the plane, the heavier muſt diſplace 
c lighter 3 which it cannot do, but by thruſting up the board; as it does 
hen the external force that kept it down, is removed, And this great- 
preſſure againſt the bottom, than againſt the top of bodies immers'd 
oY, ſpecifically heavier than themſelves, is a true reaſon of their e- 
erſion. 
Tis true, that according to the Doctor's computation, if the ſolid cy lin- 
* conliſting of the wooden plate, and all the water directly incumbent 
FW © were put into an ordinary balance; it would there greatly out- 
esd the hollow cylinder of water alone, that reſts upon the uncover'd 
it of the imaginary plane. And this is what ſeems to have rs the 
2 Doctor : 


the bottom of the veſſe], and to 74 along the bottom of the board; ſo 
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pt at the bottom, by means of a ſtick, a round piece of wood, whoſe STA TIcs. 
meter amounts but to 61 of thoſe parts; and that as ſoon as ever the 


33y 


STaTics, Doctor. But there are many hydroſtatical caſes, wherein the Phenomenq 
A depends not ſo much upon the abſolute weight of the compared bodies, , 
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upon their reſpective and ſpecific gravity z on account whereof, a ſmil 


pebble, for inſtance, that weighs not a quarter of an ounce, will readi 


link to the bottom of a river, on whoſe ſurface a log of a hundred poyy 
weight will float. Tis a rule in hydroſtatics, that when two portions g 


water, or any other homogeneous liquor, preſs againſt each other; g. 


prevalency will go, not according to the abſolute weight, but the perpend. 


cular height of thoſe portions. And, accordingly, we find, that if; 


fender pipe of glaſs, being fill'd with water, have its lower orifice u. 


ſtopp'd at the bottom of a veſſel of water, which contains much more i 
that liquor than the pipe; yet if the water in the tube were, for inſtane, 
two feet high, and that in the veſſel but one; the water in the pipe vil 
readily ſubſide, till it comes almoſt to a level with the external water; 
tho? it cannot do ſo, without raiſing the whole maſs of water ſtagnant 


df tha 
the veſlel. 

Demonſirated We took an open-mouth'd glaſs, or jar, three inches and a half in diam. ws 
5yexperiments. ter, and ſomewhat leſs in depth, its cavity being cylindrical ; into thi - Ha 
having put ſome water to cover the protuberance that is left at the bot * 
of ſuch glaſſes, we took a convenient quantity of bees-wax, and having 3 
juſt melted it, we pour'd it cautiouſly into the glaſs, warm'd before: haf I che 
to prevent its cracking, till it reach'd to a convenient height. Thisvel hut, 
and the contain'd liquors, we ſet aſide to cool, that the wax might ſhrii 3 
from the glaſs, and, conſequently, have a little interval every where betyer 1 
the concave ſuperficies of the veſſel, and convex of the hardned wax; when, &ly 
carefully pouring ſome water between the glaſs and the wax, ſo tht Dodo; 
fill'd all the interval left between thoſe two bodies, both at the bottomad I ch de 
the ſides, the wax was made preſently to float; being viſibly ravvu reater 
from the bottom, and its upper part appearing a little above the levrloiths agnat 
water, as it ought, according to the true principlesof hydroſtatics: Fot yr eight 
ter, being ſomewhat heavier, in ſecie, than wax, and that which un d wa 
poured into the bottom, and ſtagnated there, being preſs'd by the collateral as ſo 
water, every way interpos'd between the concave part of the glaſs, ada ar we 
vex of the wax; (ſo that this collateral liquor anſwer'd what! call a holloy pell 
cylinder of water, in the Doctor's experiment) that part of the ſtagnant . woul 
ter which was preſs'd upon by the wax, being leſs preſsꝰd than theotherp!t ould, 
of the ſame ſtagnant water was by the water incumbent on it; this h pon a. 
muſt diſplace the former; which it could not do, but by raifing up them Have be 
that reſted upon it; yet this collateral water was ſo far from being hea ittle ac 
than the wax impell'd up by its preſſure, that both the collateral and ir laſſes; 
ſtagnant water together, being weigh'd, amounted to little above a en eaux rea 

the weight of the wax; which happen'd by reaſon of the narrownels oe eg. 
veſſel: but if it had been wider, the experiment, I doubt not, would hai Henc 

ſucceeded, tho* the wax had out · weigh'd the collateral water ten 010 ature 

more than in our experiment it did. But, that the ſolid body exceeded BWW. ure, 


moſt ſour times che weight, not only of the collateral, but the * | 


j 
* 
9 
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Vater, as long as the veſſel would contain any ; the cylinder of wax was, 
indeed, lifred higher and higher from the bottom of the glaſs, but did not 
ppear rais'd more than at the firſt, above the upper ſurface of the water; 
Which argues, that it was not at all the quantity of the lower water that 
Wc ontinually increaſed ; but the preſſure of the collateral water, which con- 
Ftinued ſtill at the ſame height, with reſpect to the wax, that caus'd the 
elevation of the body. | 5 ö 
And, to manifeſt yet more clearly the Doctor's miſtake, I deviſed the 
| following experiment. We took a round plate of lead, about the thick- 
| Weſs of a ſhilling; and having ſtuck it faſt to the bottom of the cylinder of 
wax, we ſucceſſively placed upon the upper part of the wax, ſeveral 
grain- weights, till the wax ſubſided to the bottom: by this means, the 
W&1aſs being, at firſt, almoſt fill'd with water, there ſwam about an inch 
Pf that liquor above the upper ſurface of the wax. And, laſtly, we took 
ff, by degrees, the grain-weights that we had added, till we ſaw the wax, 
Potwithſtanding the adhering lead, riſe, by degrees, to the top of the 
„Pater; above which, ſome part of it was viſibly extant, = 
N From this experiment I argue, that, according to the Doctor's ſuppo- 
tion, here was incumbent on the wax, a cylinder of an inch in height, and 
Jof the ſame diameter, or breadth, with the round ſurface of the wax; 
Put, upon the removing part of the water that lay at the bottom, when 
Ihe wax began to riſe, there was incumbent no greater a weight than that of 
Ihe collateral water; and as much of the upper and ſtagnant, as was di- 
Wectly incumbent upon that collateral water. But now,. according to the 
Poctor's reaſoning, this cylinder of water incumbent on the wax, being an 
ch deep, and above three inches broad, it muſt preſs the wax with a far 
Wreater weight than that which the lateral, and hollow cylinder of this 
agnant water, could exert upon the reſt of the collateral water; yet the 
eight of this aggregate of collateral water, being the ſame with that of 
e wax, and the water ſwimming upon it; the difference of the preſſure 
as ſo ſmall, that, barely taking off a weight of four or five grains, the 
"ax would, notwithſtanding the preſſure of the water incumbent on it, be 
pelPd up, and made to float; and, by the like weight put on again, 
would be made to ſink ; and, by another removal of ſuch a weight, it 
'ould, tho? lowly, re-aſcend.. And this phenomenon: depends ſo much 
pon a mechanical balance of preſſure, that even four grains would not 
Wave been neceſſary to make the wax riſe or ſink, were it not for ſome 
tle accidental impediments, that are eaſily met with in ſuch narrow 
aſſes; for, otherwiſe, in a larger veſſel, we have made the ſame lump of 
T 5 — ſink, or float, by putting on, or taking off, a ſingle grain, 
Dr leſs. 
Hence it appears, that, for the regulation of hydroſtatical phenomena, 
Wature has her balance too, as well as art; and that, in the balance of 
Nature, the ſtatical laws are nicely obſerv'd. 


Jauor too, ſufficiently overthrows the Doctor's reaſoning 3 the fallacy STA T1cs. 
Wc hcreof will further appear from hence, that tho* we gradually pour'd in LFWNV 
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STaTics, And ſtill further to demonſtrate, that in ſtagnant water, the up 
parc gravitate upon the lower; we took a very flender pipe of ol 
whoſe cavity was narrower than that of an ordinary gooſe-quill, that he 
terogeneous liquors might not be able to get by one another in it. Th; 
pipe, near one end, was bent upwards, like a ſyphon, that it might hun 
a ſhort leg parallel to the longer; into this crooked pipe we put a lit 
oil, and then held it perpendicularly in a deep, wide-mouth'd glaſs, fl; 
with water, and a lump of wax, of the bigneſs and ſhape of that befys, 
mention'd ; ſo that the preſſure ofthe incumbent water upon the open qi. 
fice of the ſhorter leg, might impel the oil into the longer, above the ſu 
face of the water in the veſſel. The pipe being thus held upright, 
eaſy to take notice, by a mark fixed on the outſide, to what height they 

reach'd in it. 
Now, if we conceive a horizontal plain, parallel to the bottom of th 


veſſel, to paſs by the baſis of the floating wax; tis evident, that, ofth; pY 
imaginary plane, the part on which the wax reſts, is as ſtrongly preſodh - 
the weight of the wax, as the lateral part of the ſame plane is by th 3M 
weight of the water incumbent on it; and, conſequently, that part of th Am 
plane, which is placed directly over the orifice of the ſhorter leg of t "Mes 
Pipe, is no more preſs'd, than any equal portion of that part of the (an: n at 
plane cover'd by the wax. This body, being taken out of the water, th As f. 
liquor ſubſided a great way in the veſſel; and fo did, proportionah, Imst 


the oil in the longer leg of the pipe. And laſtly, having weigh'd out x m hi 
much water as we found the wax to amount to: this liquor was, inſt nt; 
the wax, pour'd into that which remain'd in the glaſs : whereupon, theal 
in the longer leg of the pipe, was again impell'd up to the former math 
to which the wax had rais'd it. Whence we may gather, that the wat: 
newly put in, tho?, in the air, it weigh'd no more than the wax did, jet 
preſs'd the water that lay beneath the fore-faid imaginary plane; and con- 
fequently, that which was directly over the ſhorter leg of the pipe, asm 
as the wax before had done. And, ſince we have already prov'd, thut ie 
wax conſiderably preſs'd that plane; it cannot be deny*d, that the vu 
did, in like manner, preſs that plane: and, conſequently, that water mai 
gravitate in water, as well as a ſolid body, ſuch as is wax. 

But, to rectify that plauſible miſtake, which has long deluded boi 
philoſophers and mathematicians, who think a body does not actually git 
vitate, when it does not deſcend; we have ſeen, that the immerſed wil 
and the braſs-grains which lie on it, actually preſs, or gravitate, upon tis 
ſubjacent water, and bottom of the veſſel, on which *tis incumbent ; ak 
conſequently, its preſſure, not being ſurmounted by that of the collaterd 
water, which is unable to raiſe it, muſt be as great as that of this collaten 
water. Therefore, when, upon the removal of a ſingle grain, the ih 
with its incumbent weight, is made to aſcend, and that but very ſlow! 

tis evident, that *twas ſo far from not gravitating hefore, becauſe it d 
not actually deſcend, that ir retainꝰd its gravity even whilſt it aſcended; © 


may appear, not only by the flowneſs of its morion upwards, proce 
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ele grain be laid on, when it begins to riſe, its aſcent will be checked, 
ninder'd; which could not be done by the addition of fo inconſidera- 
Fa weight, if the wax, and the adhering metal, did not, even during 
ir aſcent, retain their former gravity; tho? that were fruſtrated as to 
WM: a of deſcending, or ſo much as keeping their ſtation, by the pre- 
Wiling preſſure of the collateral water. So that, ſince the wax, and ad- 
Fring metal amounted to conſiderably above four thouſand grains; it did, 
che balance of nature, weigh, whilſt aſcending, not ſo much as a four 
Wouſandth part leſs than it did, whilſt it was actually deſcending. 

upon the whole, then, Dr. More, had he throughly conſider'd che mat- 
needed not have concluded the account of his experiment, as he does, 
ſaying, this is ſo evident a demonſtration againſt the gravity of the 
parts of water downwards; that unleſs it prove true, I ſhall never aſ- 
ſent to any reaſoning of my own, for the future, nor to that of any other 
man whomſoever.” But, I hope, he will conſider, as well as I, that a 
n may be very happy in other parts of learning, who has had the miſ- 
tune to miſtake in hydroſtatics; a ſcience which very few ſcholars have 
n at all vers'd in. c 


m his hylarchic principle, and the interpoſition of the valve of the inſtru- 
nt; but what conſiderable intereſt the imaginary retraction of the valve, 


„I think, the experiment would ſucceed, when try'd in vacuo, tho? all 
atmoſpherical air were annihilated. WT 5 
owever, to avoid all miſtakes and diſputes, that may ariſe upon ac- 
nt of the valve employ'd in our experiment; a quantity of quick-ſilver, 
pg by ſuction rais'd into a very ſlender glaſs-pipe, whoſe upper ori- 
was ſtopp*d with the finger, to keep the mercury from falling out; we 
uſt the open end of the pipe, with the mercury in it, into a deep 
{s of water, till the little cylinder of mercury had, beneath the ſurface 
the water, attain'd to a depth, at leaſt fourteen times as great as the 
ghtof the mercurial cylinder; when, the finger being removed from 
upper orifice, the glaſs-pipe will be open at both ends, and nothing 
binder the quick-ſilver from falling to the bottom, but the reſiſtance of 
cylinder of water that is under it; which cylinder can reſiſt but by 
ee of the weight, or preſſure of the ſtagnant water above it, tho? but 
laterally placed: yet this water being, by the pipe, whoſe upper part is 
her than the ſurface ofthat, and acceſſible only to the air, kept from preſ- 
Z againſt the mercury any where but at the bottom of the pipe; and be- 
bout a fourteenth part of the weight of an equal bulk of mercury; it 
T ble, at that depth, to make the ſubjacent water preſs upward againſt 
| 5 which is but a fourteenth part as high as the water is deep, 
j - a force equal to that of the gravity, wherewith the mercury tends 
4 OL. II. 2 2 down- 


x 


a its being in nature's ſcale very little leſs heavy than it need be, to ba- Sr ATIs. 
cee the preſſure of the collateral water; but by this alſo, that if but aa] 


As for the laſt experiment in my hydroſtatical paradoxes, the Doctor Water made 


ms to ſuſpect the matter of fact; or, ſuppoſing it true, accounts for it #9 ſupport 2 
' body of a muck 


greater ſpecific 
1 - Wa ark A gravity than 
the air itſelf, can have in this phenomenon, I confeſs I do not diſcern: %%% 
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S7arics. downwards. And, to manifeſt that this phenomenon depends me, 
upon the equilibrium of the two liquors ; if you gently raiſe the lower end 
| of the pipe towards the ſurface of the water, this liquor, being not they 
able to exerciſe ſuch a preſſure as it could at a greater depth, the merci 
preponderating, will fall out to the bottom of the tube. But if, wheny, 
quick-filver is at the firſt depth, inſtead of raiſing the pipe, you thru; 
down farther under the water; the preſſure of that liquor againſt the ny, 
cury, increaſing with its depth, will not only ſuſtain the mercury, but, 
pel it up in the pipe to a conſiderable diſtance from the lower orifice, w 
keep it about the ſame diſtance from the ſurface of the water, which 
laterally above it. And this experiment may not only ſerve for the jy. 
poſe for which I here alledge it; but, alſo, if duly conſider'd, and y: 
ply*d, very much illuſtrate and confirm the explanation, formerly ging 
of the ſeemingly ſpontaneous aſcent of the clogg*d ſucker in our exhaufe 
air- pump. | 
The caſe of di- The laſt argument which the Doctor urges againſt the gravitation 
vers, with re. water, in its proper place, as they ſpeak, is deduced from what happensy 
gard to 1he divers, who, in the midft of the ſea, tho' ſalt · water be much heavier tn 


preſſure 22 freſh, do not find themſelves compreſſed by the vaſt load of the incumbx 


ſtain, at great Water. dtton 
depths. But if obſervations about diving were made by philoſophers, and mats WF Percu 
maticians, or, at leaſt, by intelligent men; we ſhould, I do not doi, RF. * 

have accounts of it, very different from the current reports. A lem rp 

phy ſician, of my acquaintance, upon diving leiſurely, perceived a conti = 

ction of his thorax, by the action of the ſurrounding ſea-water. 7 ow 

A Spaniſh prelate, who liv'd long in America, ſpeaking of the [un © 

employ'd by their inhuman maſters in fiſhing for pearls, tells us, © its a n 

«© impoſſible that men ſhould live for any long ſeaſon under the mater = 


«*« without taking, breath; ſo that they die commonly thro” vomiting blow, WY = 
<* and of the bloody flux.“ And a general of the Eng/iſs in the Ea ln f 
ſent on an embaſſy to the emperor of Japan, ſpeaks thus of ſome fn 


divers he met with in his voyage. All along the coaſt, and ſo up to Ori K 
fays he, ©* we found women- divers, who lived with their houſhold an im. 
„ mily, in boats upon the water. Theſe women,” he ſays, t imatec 


«* catch fiſh by diving, which they miſſed by net and line, and that inc Tp 
© fathoms depth. Their eyes, by continual diving, grow as red as blo: 


re n 1 

© whereby a diving woman is diſtinguiſhed from all others.“ Howe Thi. , 

the reaſon why ſo little damage is ſuſta in'd by diving, ſeems, in myo luſty 

nion, owing to the uniform preflure of the ſurrounding fluid, and ually ri 
robuſt texture of a human body“. | 

Ti Lies may 

WH Pr; 

* tl ving ſh 

* *Tis remarked by Sir 1/aac Neroton, that another ; and, therefore, that if fo ud i. 

ſince fluids, in preſſing bodies immerſed proceeds from the motion of the . ot pog 

in them, do not change the external | animals; fluids will not damage ge; an 


figures thereof, they will not change the mals . immerſed therein, nor 2 | 
ſituation of the internal parts among one ſenſation in them, farther than * 
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ach more thin and delicate to the eye, than a piece of fine Venice paper; 


ater; and having, by a weight of lead, faſten'd to the neck of it, let it 
Nov to the bottom of a cylindrical tube of water, ſeal'd at one end, and 
Sade large, and about fifty- ſix inches long; we could not perceive that, 
Sy che weight of all the incumbent water, it was manifeſtly compreſs'd, 
Sr that it diſcover'd the leaſt wrinkle, or other depreſſion of that very thin 
Wmembrane, tho? fill'd but with air. And this trial was made more than 
Ince with the ſame ſucceſs. Yet that this proceeded rather from the 
Prength of the bladder, that was able to reſiſt the weight of a taller pillar 
f water, than from the levity of water in the upper part of the tube on 
at in the lower, we ſhew'd, by preſently letting down a mercurial gage, 
y a ſtring, to the bottom of a tube: for the weight of the incumbent water 
Prced up ſome of the mercury out of the open leg of the ſyphon into the 
Fal'd one; and, conſequently, compreſs'd the air included there: and the 
Mcompreſſcd air, being three inches and { in length, we judged it, at the 
Jottom of the tube, to be about { impell'd up by the intruſion of the 
ercury. And, to ſatisfy myſelf, and others, that if the incumbent wa- 
er had been heavy enough, it would, viſibly, have affected the bladder, 
© ſpite of any Principium hylarchicum; we ſunk it in a cryſtal glaſs, that 
d a long cylindrical neck, and was exactly fitted with a ſtopple ; then a 
Wmpetent quantity of air being left above the water, the ſtopple was warily, 
Wd by degrees, thruſt down; and ſo, leſſening the capacity of the glaſs, 
mpreſſed the air that was next it, and, by the intervention of that, the 
ter under it. And tho? there did not, upon a ſlight compreſſion of the 
ward air, appear any ſenſible effect upon the bladder that was at the 
ttom of the water; yet, upon a farther intruſion of the ſtopple, the preſ- 
e being increaſed, the immerſed bladder diſcover*d two conſiderably 
p wrinkles, that preſently diſappear'd upon drawing up the ſtopple; 
ich, being thruſt in again, the depreſſions were again to be ſeen on the 
. And, having convey'd a mercurial gage into the ſame glaſs, we 
Wimated, by the condenſation of the air in the ſeal'd leg of it, that the 
der had been expoſed to a preſſure equal to that of a column of about 
rty feet of water, As 

This may leſſen our wonder, that bodies, of ſo firm a texture as thoſe 
luſty men, ſupport the preſſure of the water at ſuch depths as divers 
ually remain; ſince we ſee what reſiſtance can be made by ſo exceeding 


vies may be condenſed by compreſſure. contained in a bladder, every way equally 

ton. Princip. p. 264, 265. And Borelli compreſſed, can neither be contracted, bent, 

bing ſhewn, that a quantity of ſand, or otherwiſe diſtorted ; hence deduces the 
be pal = in a very hard or rigid veſſel, reaſon why divers are not ſenſible of the 
" ce oi E Poſſibly be divided, or entred, by a preſſure of the water. De motib, nat. à gra- 
Fo ese, and that water, in like manner, vitate fats. Prop. 29. 34. 


jan 3® | 22 2 thin 


The ſwims of ſmaller fiſh appear very unable to reſiſt compreſſure, being Sr Ar ics. 


et having cauſed one of theſe bladders, above an inch in length, and pro- tk Tn. A 
,ortionably wide, to be taken out of a roach, and anointed with oil, to ) and 
ep it ſupple, and preſerve it from being pierced, or ſoften'd, by the tender bodies. 
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' STaT1cs, thin and delicate a membrane, diſtended only with the air, in compariſonq 
A the ſtrong membranes and fibres of a man, fill'd, beſides air, with mon 


firm parts. Tis alſo conſiderable, what great weights may be ſuſtain 

4 the air, by ſuch fibres or tendons, and by other fibres inter woven into men. art, 
branes, in compariſon of what an ordinary man would expect. And, er! 
only upon account of the ſtable parts of a human body, but of the ſpirj 
too, it may reſiſt very violent preſſures of a fluid, without any manic; WÞ Wing 
contuſion, or diſlocation of parts, or even ſenſe of pain; as appears un unc 
the great effects which guſts of wind have upon trees, houſes, c. thy, Ti 
man will withſtand the impetuoſity of ſuch a ſtrong wind, and walk dire. Frowe 
ly againſt it, by virtue of the vigour of his muſcles and ſpirits, without being Preſs' 
thrown down, or bruiſed, by ſo violent a current of air, and withouth Water 
much as complaining of pain; and this, tho? the wind that beats agint He 
him, acts as a ſtream, and does not uniformly compreſs him, but ima MW. wh 


only the fore-part of his body. Thus, alſo, in the lifting up of heavy weight 
by luſty men, we may ſee the lender tendons of the hand loaded yit 
an hundred and fifty pounds, or more, without having their fibres & fx 
compreſſed, or ſtretched, as to make the perſon complain of pain. Ab. 
man body, therefore, is an engine of a much firmer ſtructure, than men 
ſcholars uſually take notice of. And, I doubt, whether, if the ftrudur 
of a man were not conſiderably firm, he could, eſpecially in a deep ft, 
ſupport the preſſure of the water, tho* not immediately apply'd, withoi 
pain. For, having, ſeveral times, convers'd with a man who got his livig 
by diving for ſhip-wreck*d goods; he aſſured me, that, when he ſtay di 
a conſiderable depth, as ten or twelve fathoms, under the ſurface of ti 
ſea, he felt a great pain in both his ears, which often put him to ſhifts 
leſſen it; and this, by his manner of deſcribing it, I concluded, aroſetron 
the incompetent reſiſtance of the air, which he found, by manifeſt tokens 
to be greatly compreſs'd by the upper water. This relation, from ſicl1 
perſon not only confirms our explanation, but likewiſe warrants ut 
doubt whether the common reports that are made concerning divers, ougit 
to be rely*d on, without further examination. | 
We took a common fleſh-fly, of a middle ſize, and having put it ut 
the ſhorter leg of a bent glaſs, which we cauſed to be hermetically ſeal 


we added as much mercury as fill'd that leg, and a part of the other; |t d ther 
ving little more than an inch of air between the quick-filver, and the ſeals to ame 
end, that there might be room both for the fly, and the condenſation ® er 
the air; and then, with a little rammer, fitted for the purpoſe, we cauſe _ 
the mercury, in the open leg, to be thruſt againſt that in the ſeal'd ont; ___ 
which neceſſarily crowded the air, near the fly, into leſs room; ſo th _ 
ſeem'd condens'd into about a third part of the ſpace which it poſſeſs! ot th 
before, and which it regain'd, when the rammer was withdrawn : and t * * 
this were done more than once, yet the fly appear'd not ſenſibly hut 51 ti 


and I perceiv*d her, whilſt ſhe was pent up, to move her legs, and to ru 

them one againſt the other, as tis uſual with that ſort of inſects in the l 

air. E. | 
Anotir 
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id, firſt, an opportunity to comprels the air into a third, if not a fourth 
art, of its former dimenſions ; yet the fly continu'd to move ſeveral of 
er parts, and eſpecially her legs, very vigorouſly ; as if nothing troubled 
er, but being, as it were, glued to the inſide of the glaſs by her wetted 
Wings. And this, I hope, will keep the reſiſtance of divers, to the ſur- 
Founding water, from ſeeming incredible; ſince ſuch flies were able to re- 
Ia, and, for ought appear'd without harm or pain, the preſſure of the 
row ded particles of the air: tho? we gueſs'd it to have been as much com- 
Freſs'd by the force of the rammer, as it would have been by a cylinder of 
ater, of between go and 60 feet high. : 
Hence, too, we may be aſſiſted to conceive, how great a difference there 
Þ. whether the ſame preſſure be exerciſed by a ſolid, or by a fluid body. 
For, according to our eſtimate, the preſſure againſt the body of the fly 
as as great, as if a ſlender pillar of marble, having the fly for its baſe, 
d 18 or 20 feet in height, had reſted upon the little animal. 
we alſo took ſome ordinary black flies, of a middle ſize; and having 
Waced one of them, with the head upwards, and left ſome diſtance betwixt 
r and the ſeal'd end of the glaſs tube, we pour'd in quick-filver very 
dwly, and cautiouſly, leſt the force of ſo heavy a body, acquired by its 
locity in the fall, ſhou'd, more than the mere weight of the fluid, oppreſs 
r: at length we got in as much mercury as the tube would receive; and 
en holding it upright, we watch'd whether the fly would make any mo- 
ns; and finding that ſhe did manifeſtly ſtir, notwithſtanding the incum- 
Int mercury, we meaſur'd the height of the mercurial pillar, reaching from 
e middle of her body, to the top of the fluid, and found it to be about 
bt inches; and the quick-ſilver being pour'd out, the fly appear'd very 
ely, and vigorous. 
We repeated the experiment with one of the beſt flies we could take, when 
ir ſeaſon was almoſt over, and of the ſame ſize with the former; when, 
ering the matter ſo, that the mercury incumbent on her, appear*d to be of 
W'cater height than that of the tube before employ'd, we ſaw her move 
e, or other of her legs, ſeveral times, tho' the tube was held upright ; 
d therefore meaſuring the height of the mercury above her, we found 
to amount to above ſixteen inches; then freeing her from this preſſure, 
obſery*d, that ſhe immediately found her legs again, and moved up 
d down, briſkly : tho* when ſhe was afterwards oppreſs'd, with 23 or 
inches of the ſame quick-ſilver, ſhe gave no ſigns of life. But having 
t another fly, of about the ſame bigneſs ; tho', when ſhe was at the bot- 
of the quick-ſilver, ſhe ſeem'd ſo compreſsd as not to have any mo- 
n, yet, upon being taken our of the glaſs, ſhe preſently diſplay*d her 


ngs ; tho? the pillar of mercury, that preſs*d upon her, amounted to a- 
Noe 27 inches, 


Another 


Another experiment, to the ſame purpoſe, we made with water; tho* this Sr A Ties. 
et the wings of the fly, and ſoon after, by miſchance, drown'd it: but we. 


— 


358 


STATICS. 
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An actual preſ- But, whatever power he is pleas'd to ſuppoſe at the bottom of the t 


ſure at the 
bottom of 
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the 


greater weight, if the tube, which was too large, had not already employ 
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Another fly, that ſeem'd but about half ſo big, as one of thoſe hither 
held upright, ſuſtain*d a mercurial pillar of 25 inches; and tho? ſhe Wa 
not obſerv'd to move under ſo great a weight, yet, when once that was take 
off, ſhe appear'd unhurt; and, probably, would have eſcap'd under amy 


all the ſtock of mercury we then had at hand. Since, then, ſo ſmall an an. 
mal, as a fly, may ſurvive ſo great a preſſure, and remain able to mor 
ſuch long and ſlender bodies, as her legs, when preſs'd againſt by abo 
16 inches of mercury; and, conſequently, by a weight equivalent u 
pillar of water, of more than 18 feet and a half ; which being 590 ting 
her own length, and many times more her height, it appears, that a diz 
fix foot tall, to have as many times his height of water above him, ay 
fly might have had, and yet continue to have moved under it, muſt dix 
near an hundred fathoms ; which is a depth vaſtly greater than, from why 
I could learn by enquiry, the divers, either for coral or pearl, deſc 
ro. | 

Thus, then, we have accounted for a phenomenon, which Dr. J. 
thinks inſoluble, without his hylarchic principle. There would, indeed, 
much more weight in what he objects, if our aſſertion, of the gravitation 
water in water, were, like the Principium hylarchicum, a mere hypothel 
advanced without any poſitive proof: but our doctrine is directly pron! 
by particular experiments; to elude the force whereof, ſo ingenious apr 
ſon, is obliged to call in a principle that is not phy ſical. 


to ſuſpend the preſſure of the incumbent water, I think, that ſuppoſit 
mult give place to experience; which ſhews, there really is a great preſr 
exercis'd by the water at the bottom of the ſea, A gentleman, who lus 
been often preſident of the royal ſociety, aſſured me, that a friend of his 
having let down a pewter bottle into a deep ſea, with weight enough u 
ſink it, that he might try whether any ſweet water would ſtrain into it 
found, when he pull'd it up again, the ſides of it very much compreb 
and, as *twere, ſqueez'd inwards by the water. An acquaintance of mitt 
try ing to cool his liquor, when he fail'd thro? the torrid zone, by ken 
the containing veſſels to a great depth into the ſea, was, at firſt, amaz 40 
find the corks, with which the ſtrong ſtone bottles had been well ſtopp! 
before, ſo forcibly, and ſo far thruſt in, that they could ſcarce have bet 
ſo violently beaten in with a hammer. And an ingenious perſon who ft 
ctiſes phy ſic in the Indies, told me, he try'd, in a very deep part of ® 
ſea, whether any freſh water would ſtrain into ſtone bottles, thro' a hi 
cork, ſtrongly ſtopp'd in; and having let it down with a convenient weigh 
to 100 fathoms, was much diſappointed, when he drew it up, by fin 
that the preſſure of the water, at ſo vaſt a depth, had quite thruſt don 
the cork into the cavity of the bottle: an effect which he ſcarce could w 
expected from the ſtroke of a mallet. 
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And, to ſhew, ad oculum, that water may gradually, as it grows deeper, 8 arcs. 
Preſs againſt the ſtopple of a bottle, tho! the veſſel be inverted ; we took L&YAL 
glass vial, furniſhed with a cylindrical neck, and its cavity large, in 
Proportion; into this we put as much quick-filver as would, in the neck, 
Wake a ſhort mercurial pillar, of between half an inch, and an inch; then 
piece of very fine bladder, dipped in oil, was ſo ty'd over the orifice 
f the glaſs, that no mercury could fall down, or get out, nor water get 
at the orifice ; and yet the bladder, by reaſon of its great limberneſs, 
Wight be eaſily thruſt up towards the cavity of the vial, or depreſs'd by 
The weight of the mercury. This little inſtrument, firſt furniſh'd with a 
Weight of lead, to fink it, being inverted, the mercury deſcended into the 
ck, and cloſed the orifice as exactly as a ſtopple; but, with its lower 
Warr, depreſs'd the bladder beneath the horizontal plane, that might be 
Wonceiv'd to paſs by the orifice : then the glaſs, being, for a while, kept 
the water, and, by a ſtring, let further down into the ſame glaſs 
Sefſel, fill'd to about two feet in height; the preſſure of the liquor againſt 
She orifice of the vial, by degrees drove up the bladder, and the mercurial 
Fopple into the cavity of the neck; as was manifeſt by the aſcent of the 
uick-ſilver : and when the inſtrument was leiſurely drawn up again, the 
eight of this mercury made it ſubfide, and plump up the bladder, as be- 
dre. 
Meeting, caſually, with an ingenious mechanic, who deviſed proper 
commodations, and a boat, wherewith he could continue, for a great 
hile, at a conſiderable depth under water; he aſſured me, that when 
vas about four or five yards deep in the river Thames, his breaſt and 
Wdomen were ſo compreſſed, that, there being hardly room enough left 
r the free motion of his lungs, he could ſcarce fetch his breath; and was 
liged to be drawn quickly up: and that, to remedy this, he cauſed a 
d of armour for the cheſt and back, to be made of copper; and tho 
e metal defended him from any miſchief in thoſe parts, yet, in others, 
ere only leather was interpoſed, when he came to the depth of about 
WW fathoms, he found a great preſſure upon his legs and arms, and all the 
ber parts, againſt which the water was able to thruſt the leathern ſuit 
ards: and this preſſure he found pretty equal; fo as to receive no great 
Wc<onventence from it; being able to continue under water, tho? not at any 
eat depth, for about two hours. He farther declar*d, from his own 
perience, that the ambient water endeavour'd to preſs him, and his di- 
Ing ſuit, every way inwards. I have alſo been aſſured, that a profeſs'd 
Peer, when he deſcended in his bell, to very great depths, has often had 
e blood ſqueez d out at his noſe and eyes. | 
Upon the whole, it appears, that water actually preſſes againſt bodies 
der it, whether ſpecifically lighter,” or heavier than itſelf, 10 


SECT. 
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WY SECT. II. 
Water actually O my particular method of actually weighing water in water, it hn 


eeigh'd in wa- 
ter, by common 


ſcales. my thoughts about it in a fuller light. 


My opinion is, that water, as it is a heavy fluid, always retains its grain 
tion, and power of preſſing; (by which I mean, a tendency downwards, hi. 
ever be the cauſe of that gravity) whether it have a body under it, either fy, 
cifically heavier or lighter than itſelf, or one equi-ponderant to it. Ff 
ſee not what ſhould deſtroy, or aboliſh this gravity, tho* many thingy may 
hinder ſome effects of it. And, therefore, I ſuppoſe that water retainsj; 
gravity, not only in air, but in water too, and in heavier liquors; ay 
conſequently, by virtue of this, that liquor preſſes upon them. But, if 
ſurrounding fluid have, upon account of its ſpecific gravity, an equal, : 

| ſtronger tendency downwards than water, it will, by virtue of that, beat 
to impel up this liquor, or to keep it from actually deſcending ; ſo that 
portion of water, ſuppoſed to be included in a veſſel of the ſame ſpeck; 
weight with water, will, placed in a greater quantity of the ſame wat; 
neither riſe nor fall, tho? it retains its gravity there; only this gravity 
kept from making it actually deſcend by the contrary action of the ol 
water, whoſe ſpecific gravity is ſuppoſed equal: as when a juſt bald 
is loaded with a pound weight, in each of the ſcales, tho? neither of th 
weights actually deſcend, being hinder'd by its counterpoile ; yet each 
tains its whole weight, and, with it, preſſes the ſcale it reſts on: ſothatou 
included portion of water, really preſſes the ſubjacent water, tho! it dos 
not actually depreſs it. Nor do I think that the only way of judging 
whether a body gravitates, is to obſerve, whether it actually deſcends: 
fince, in many caſes, its gravity may be proved, by the reſiſtance itmaks 
to heavy bodies, which would otherwiſe raiſe it; as appears by equi 
weights in a balance. And, for want of this diſtinction, I have known 
learned men, treating of hydroſtatics, miſtake the queſtion. _ 

Now, the adverſaries I had to deal with, both in print and in diſcoutk 
deny*d, that in ſtanding water, the upper preſs'd, or gravitated upon 
lower parts. And tho? they could not but grant, that the whole weg 
of the water gravitated upon the bottom of the veſſel; yet they would ui 
the parts of it to do ſo afione communi, as they ſpeak ; and fancied | kl 
not what power of nature, to keep the homogeneous portions of watel, 
well as other elements, from preſſing one another, whilſt it is in its prof: 
place. Againſt this opinion it was alledg'd, (beſides other things, ut 
I found many, otherwiſe good ſcholars, were not fitted to underſtat 
that if a glaſs vial, or bottle, well ſtopp'd, were deeply immerſed un 
water, it would ſtrongly tend upwards ; but if it were dextroully 
ſtopp'd, when *rwas thus immers'd, ſo that the water could get! 


allowing for the weight of the glaſs itſelf; *rwould, by the * 


been objected, by a late writer of hydroſtatics, that there is 2 f. 
ſtake in it. I ſhall here, therefore, endeavour to clear this matter, and 
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e reaſon of the empty bottle's emerging when ſtopt, was the poſitive le- 
Ny of the air that fill'd it, and that the ſinking of it when unſtopt, was 
n the receſs of the ſame air, which by the intruding water was driven 
th large bubbles out of the bottle; I thought this evaſion might be ob- 
ated by contriving an experiment, wherein the water ſhould be plenti- 
Wly and ſuddenly admitted into the glaſs, and yet no air expell'd out of 
ſo that if then the glaſs, which was ſuſtain'd before, ſhould fall to the 
Pttom, with a gravitation amounting to a conſiderable weight in reſpect 
E its capacity, the ſinking of it could not be aſcrib'd, as before, to the 
Wceſs of the air, endow'd, as they ſuppoſe, with poſitive levity, but to the 
Wight of the water admitted, which when thus weigh'd would be environ'd 
ch water of the ſame kind; and to ſhew that this water might have a 
ſiderable weight, notwithſtanding the place it was in, I employ'd a pair 
W ſcales, aſter the manner recited in the experiment, p. 288. Vol. II. 
However therefore my expreſſions diſagree with thoſe of my adverſary, 
> diſtance of our opinions is not ſo wide as it ſeems at firſt ſight; for he 
Wows as well as I that the ſuperior parts of water do by their gravity preſs 
inferior; but this he would not have amount to ſo much as to mean, 
t water weighs or gravitates in water. But if he thinks that in my ex- 
Wiment I meant to propoſe a method of making water deſcend in water, 
weigh it in that liquor with a pair of ſcales, juſt as I would a piece of 
d, or a portion of mercury, which are bodies much heavier in ſpecie 
in water, either he miſtakes my intention, or I did not ſufficiently de- 
re it; what I deſign'd to fhew, and I think have ſhewn, was, that by 
help of an ordinary balance it may be made appear, that water ad- 
tted into the glaſs bubble I employ*d, caus'd it to weigh much hea- 
than it did before that liquor enter'd into it ; and that this new weight 
niieſted by the balance was not due, as my adverſary ſuppoſes, to a 
ſs of the air, 
o this experiment our author objects the following. Take a piece 
of wood lighter in ſpecie than water, and add weight to it by degrees, 


cout, lit become of the ſame weight with water; faſten it with a ſtring to 
pont 2 balance, and weigh it in water, and you will find the whole weight 
weio ſupported by the water.” But this is ſo far from overthrowing my 
don, that it agrees very well with it; for ſuppoſe the weight added to 


light wood be lead, it cannot be ſaid that the metal loſes its native 


Nate <<rofity whilſt it reſts in the water; and the reaſon why it deſcends 
3 wa that it, and the wood whereto it is join'd, are hinder'd by the 
;, wil nterpoite of the collateral water, which by its preſſure would raiſe the 
erſtanl ce of the water whereon the floating body refts, if it were not hinder'd 
ſed und the weight of theſe incumbent ſolids; and this reſiſtance of theirs to 
ouſly u endeavour of the water upwards being exercis'd only upon account of 
| get , 1 ſhews that they do, in my ſenſe, gravitate, tho' not pre- 
vater! , 


Aaa 'T 18 


| owds in and thruſts out the air, be made ſtrongly to tend downwards, STaTICS, 
A continue ſunk. But this nor ſatisfying, becauſe tas pretended that 
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Tis obvious that if wood, wax, or other bodies lighter in ſpeci n 
water, be detain'd under it, they will, upon removal of the force, 
merge to the top; and this they do ſo readily, and as it ſeems ſpontyy, 
ouſly, that the generality of philoſophers, both ancient and mages 
aſcribe it to an internal principle, which they call poſitive levity, | 

But this principle was not always ſo univerſally receiv'd among iy, 
ſophers as in later ages; Democritus, and ſeveral of the ancients, adj, 
ting no abſolute, but only a relative levity; which opinion ſome of t. 
moderns have attempted to revive. 

The experiment uſually urg*d to prove the poſitive levity of wort; 
water, ſeems to me too ſlightly made to be acquieſced in; *tis true i; 
deed, if a flat board, for inſtance, a trencher, have its broad {urky: 
kept by a man's hand upon the horizontal bottom of a bucket full of q 
ter, when the hand that detain'd it is remov'd, the trencher will comma 
ly ſoon aſcend to the ſurface of the water. But I do not perceive that 
deciſive experiment of this kind is eaſy to be made with ſuch materi; 7? 
for the wood whereof both the trencher and the bottom of the buck: the r 
conſiſt, are ſuppoſed to be lighter in ſpecie than water, and conſequen MF ace 
they muſt be of a porous and lax texture; whilſt the more ſolid woo, WF 3 
as Lignum vite, brazil, Sc. whoſe texture is cloſer, ſink in water; 
therefore there be not much care uſed to bring the ſurfaces of the trench 
and the bottom of the bucket to a true flatneſs and ſmoothneſs, thee: 
periment will not be accurately made; and perhaps tho? it be ment 
yet it is ſcarce practically poſſible to bring ſuch porous bodies a ti 
lighter woods to ſuch a contact as is neceſſary in this caſe; and wert fi 
actually done, I ſhould not expect that the trencher would afcend; ii 
in my opinion the cauſe why in ordinary inſtances wood, wax, and oth 
bodies ſpecifically lighter than water, being let go at the bottom af: 
veſſel full of that liquor, emerge to the top, is chiefly, that thereisn0 
ſuch exquiſite congruity and contact between the lower ſuperficiss ol tis 
wood and the upper of the bottom of the veſſel, but that the lateral put 
of the water, being impell'd by the parts of the ſame liquor incumber 
on them, are made to inſinuate and get between the lower pars 
the wood and the bottom of the veſſel, and ſo lift or thruſt upwat 
the wood; which, bulk for bulk, is leſs heavy than the water l 
extrudes it. 

But as the whole of the argument of thoſe I diſpute with con. 
a ſuppoſition, that becauſe the trencher is plac'd on the bottom 0 
veſſel, no water can come between to buoy it up, whence they conclè 
it muſt aſcend by an internal and poſitive principle of levity, I mace! 
experiment after another, and, if I miſtake nor, a better manner. 

We took then two round, cylindrical plates of black marble, vs 
had thoſe ſuperficies that were clapp'd together, ground very flat, ® 
carefully poliſh'd, that they might touch in as many parts as poſſible a 
that the upper being taken up, the other might ſtick to it, and aſcend a 
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and the better to keep out the water, the internal ſurfaces were, be- STAaTics, 


bore they were put together, lightly oil'd, which did not hinder them 


„tem moſt eaſily ſliding along one another, as long as the contiguous ſur- 


faces were kept horizontal; then a blown bladder of a moderate ſize was 
| | 

naſten'd to the upper marble, and both of them were let down to the bot- 
tom of ſome ſtagnant water, where, by the help of an eaſy contrivance, 


it the lower marble was kept level to the horizon; and now the patrons of 
I poſitive levity would have concluded, that the bladder, being a body 
much lighter than wood, and being in an unnatural place, beneath the 
ſurface of the water, ſhould of its own accord and with impetuoſity e- 
merge; but I expected a contrary event, becauſe the bladder being ty'd 
to the upper marble, ſo that both of them might in our caſe be conſider'd 
As one body, the water could not impel them up, ſince the cloſe contact 
pf the ſurfaces of the two marbles kept the water from inſinuating be- 
Mween them, and conſequently from getting beneath the upper marble, 
and preſſing againſt the lower ſuperficies of it; and to ſhew that this was 
the reaſon why the bladder did not emerge, I cauſed part of the oil'd ſur- 


Feaſon of the ſmoothneſs and ſlipperineſs of the ſurfaces was very eaſy to 
No; but the contact ſtill continuing in a greater part of the ſurface than 
Pas requiſite, more and more of the upper marble was gradually ſlipt 
From the lower, till at length, when the marbles touch'd but in one half 
df their ſurfaces, the endeavour of the water to force up the bladder full 
Wt air, being ſtronger than the reſiſtance which the contact but of part of 
he ſurfaces of the ſtones was able to make, they were ſuddenly disjoin'd, 
nd the bladder, by the extruding water, impetuouſly ſhot up above the 
op of the water. 
Wich the ſame marbles we made ſeveral other experiments of this kind, 
oſt commonly letting them down both together, but once or twice at 
Walt by placing the upper marble under water upon the lower, already 
x'd to the bottom of the veſſel. 
That 'twas not the weight of the upper marble, nor want of lightneſs, 
hether poſitive or relative, of the air included in the bladder, that kept 
from aſcending, is manifeſt by the impetuous aſcent of it upon disjoin- 
W's the marbles; and by this, that the bladder would lift up from the 
er parts of the water, not only the upper ſtone, when it toueh'd not 
Ne other, but a weight of 7 or 8 pounds hanging at it. 
We alſo took a bladder, in great part freed from its air, and tying the 
eck of it very cloſe, that none of the remaining air might get out, we 
len d a conſiderable weight to it, and by the help of this ſunk the blad- 
do the bottom of a wide-mouth'd glaſs full of water, that the ſur- 
W-c< of the liquor might be conſiderably higher than the upper part of the 
adder ; this wide-mouth'd olaſs we included in a great receiver, which 
Nas carefully cemented on to the engine. The principal deſign of the 
Kperiment was to ſhew, that tho? the air included in the bladder was 
&ry far from being able, by its abſolute levity, to lift up ſo great a weight 
Aaa 2 as 


Wace of the upper marble to be lid off from that of the lower, which by. 
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STATICS. as the bladder was clog'd with; yet the ſame air, included in the blad. | this 


SYN der, would, by its mere expanſion, without any new external heat, AcQuir med 
a power of aſcending, notwithſtanding that weight; which aſcent, ther. Wo fl 
fore, muſt be attributed to the water, that, according to hydroſtatical la he £ 
ought, ceteris paribus, to reſiſt thoſe immerſed bodies the more powerfull, Phat 
that being lighter, in ſpecie, than it, poſſeſs the greateſt place in it, a Wer t 
hinder the more water from acquiring its due ſituation. For the proſe, Put 
tion of this trial, we began to pump the air out of the great receiver; a he b 
its preſſure upon the ſurface of the water being thereby gradually leſſer; Wilate 
the ſpring of the included air began by degrees, to diſtend the ſides of th wp w. 
bladder, till, at length, the included air, ſwelling every way, took y he be 
fo much more room in the water than it did before, that the water was Bu 
ble to lift the bladder, and the annexed weight, to the top, and detain Fandc 
there, till we thought fit to let in ſome of the excluded air ; which forcing ok. 
that in the bladder into leſs dimenſions, the weight was preſently able 0 mig 
ſink it to the bottom. | Ne all 

But if inſtead of hanging ſo great a weight at the neck of the bladde, Hoſe, 
we faſten'd only a moderate piece of lead, ſuch as would only ſerve tom t one 
the bladder, and keep it at the bottom of the water, ſo that the aggr. ah 
gate of the bladder, air, and metal, was but a little heavier than an equi — 
bulk of water; then, upon the firſt ſtroke of the pump, which could with. A 
draw but a ſmall part of the air in the receiver, that in the bladder ſui. Petal! 
denly expanding itſelf, the whole would immediately be impetuouſ}y c » & 
truded by the water; tho' after ſome reciprocations, it floated in its du c ſpr 
poſition; but, upon the return of a little outward air, it would immed. Ws auf 
ately ſubſide. _ 

It may be objected, that the aſcent of the weight was not effected by poli: 
the preſſure of the water; becauſe rarity and levity, being fimilar qual. E bla 
ties, the great rarifaction of the air might, proportionably, increa the We that 
levity of it; and, conſequently, enable it to perform much greater ting Wa 5 | 
than it could do before. I ſhall anſwer this objection by the following WA 4 
experiment. E 

About the neck of a conveniently ſhaped vial, able to hold a few ounc | . ö 
of water, I cauſed to be carefully ty'd the neck of a ſmall bladder, when: BE. v7 
the air had been well expreſs'd ; ſo that the bladder, being very limbed Be % 
itſelf, and, probably, made more ſo, as well as more impervious tot 4 
air and water, by the fine oil we had caus'd it to be rubb'd with, Jay vp . 
the orifice of the vial, like a skin clapp'd together, with many folds loſe 7 
wrinkles. This done, we let down the vial into a veſſel full of watt; WW Ko 
and the vial being poiſed for that purpoſe, ſunk perpendicularly in the WM bi 
quor, till its neck was partly above, and partly beneath the furl on 20 
of the water: then covering the external glaſs with a large rec!" Wl ly enſ 
we cauſed the air to be pumped out; and as the preſſure of that 15 ring 
gradually withdrawn, the air in the floating vial expanded itle!! me f 
the bladder, and unfolded the wrinkles of it, till, at length, it became, thei 


blown, without altering the erect poſture of the glaſs it reſted on. r 
2 ; bid 
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Vo ſuch increaſe of levity, as ſhew'd that it made ſo much as the neck of 
Ene glaſs riſe higher in the water than it did before. Nor did we obſerve, 
Flat the return of the air into the receiver, by reducing the air in the blad- 
Her to its former unrarify*d ſtate, made the glafs ſink deeper than before. 
But when the experiment was try'd with the ſame glaſs and bladder, at 
She bottom of the water; upon pumping out the air, the bladder, being 
Jilated under water, was, after a while, carried up to the top, and took 
pp wich it about eight or ren ounces, that, to clog it, had been faſten'd to 
he bottom of the vial. 
But, to examine whether a portion of air, by being rarify'd, or ex- 
Handed, acquires a new and proportionable degree of poſitive levity; we 
Pok a bladder, of a moderate ſize, which was very fine and limber, that 
& might be the lighter, and more eaſily diſtended. The greateſt part of 
Tc air, being ſqueez'd out of the bladder, the neck of it was ty'd up very 
Hoſe, that no air might get in or out of it. This limber bladder was hung 
t one of the ſcales of a balance, whoſe beam had been purpoſely made 
* jore than ordinarily ſhort, that the inſtrument might be ſuſpended, and 
2 dntinue capable of play ing in the cavity of a great receiver, into which 
bh e convey'd it; having firſt carefully counterpois'd the bladder with a 
FW etalline weight, in the oppoſite ſcale. This done, the air was pumped 
t, and as that was withdrawn, the bladder was gradually expanded by 


ex. p . j : . 
e ſpring of the internal air; till, at length, when the receiver was well 


due 


ok hauſted, it appear'd to be quite full. But, notwithſtanding this great 
Wlacation of the included air, it did not appear, by the depreſſion of the 
ab ppolite ſcale, to be grown manifeſtly lighter than it was at firſt, And 
* bladder ſeem'd alſo to retain the ſame weight, after it had, by the 
* 5 was let into the receiver, been compreſſed into its former flaccid 
hings 3 


10 determine whether a fiſh riſes or ſinks in water, by contracting or 
panding itſelf z take a bolt-head, with a wide neck, almoſt fill it with 
Wer, and put therein a large live fiſh; then draw out the neck of the 
Was exceeding ſlender, and fill that alſo with water. Obſerve the motion 
the fiſh; and if, upon his ſinking, the water at the lender top ſubſides; 
> may infer, he contracts; and if, upon his riſing, the water be raiſed, 


"wing 


Ounce 
hene 
aber ol 


te 
4 may conclude, he dilates himſelf. | 
Pos . 22 two ſorts of experiments, to ſhew, that a ſmall quantity of The prefure of 
water; led air, may, by its preſſure, have a conſiderable effect upon bodies the air ſpring 
thei der water, notwithſtanding the interpoſition of that liquor. For this bodies under 
i eſſure may be manifeſted by what it directly and poſitively performs““ 


cen 4 bodies cover'd with water; and alſo by the phenomena that regu- 
hat w 

elf int0 
ame {ul 
n. BY 
bil 


0 * upon the removal of the incloſed air, or the weakning of its 
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? his great expanſion, being made above the water, and, conſequently, in a Sraries. 
medium, not heavier than the included air, gave that highly rarify'd air 


i We took a ſquare glaſs vial, capable of holding twelve. ounces of wa- Manife}ed by 
the neck of this we luted on carefully, and ſtrongly, over the orifice experiment. 
of 
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Srarfes. of the ſmall pipe, at which the air paſſes in our engine, out of the * 
ceciiorr into the pump: then covering this glaſs with a great receiver, w 
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as W 
| pf th 


as. 


luted it ſtrongly to the engine, and, at the top, pour'd in as much Water 
as ſufficed to ſurround the internal receiver, it I may ſo call it, ang 
ver it to a pretty height. This done, we exactly cloſed, with a Curn-key 
the hole of the great receiver, at which the water had been pour hs 
that no air might paſs that way. And laſtly, we began to pump out they 
contain*d in the internal receiver; that the air, which, by the above. g. 


vent 
Nong 
I loſe 
hat 


tion'd pipe, had communication with the external air, might no longer and |; 
its preſſure, aſſiſt the glaſs to reſiſt the preſſure which the incumbent yy Wure 
incloſed air, by virtue of its ſpring, conſtantly exerciſes upon the ſuby DOUn: 
cent water, and, by its intervention upon the ſides and bottom of the j, Ss W 
ternal receiver. At the firſt exſuction, which could not be ſuppoſed, WW Weing 
have well emptied the internal glaſs, this veſſel was, by the preſſure g Wonta 
the ſuperior air upon the ſurrounding water, broken into numerous pie nd a 
The ſame experiment, with a like ſucceſs, was repeated with a (tron WF he be 
internal glaſs. g Wiſtan 
Having ſqueez'd out of a moderately ſized bladder the greateſt pu Wed in 
its air, we tied the neck of it very cloſe; and then faſtening to it a com. Put: 
tent weight, we placed it at the bottom of the talleſt and largeſt glaß Water 
could cover with our great receiver; that ſo, tho? the incumbent air ver pieces 
pump'd out, none of the water might eſcape with it, but ſtill retain the ſn: (WF Pea rec 
height above the bladder. Having then pour'd upon the bladd e rt, 
much water as would ſwim high above the upper part of it; we con Noi 
this glaſs of water with a great receiver, which being carefully cement! ents, 
on to the engine, the pump was ſet on work; and as the air which byi: r, th 
ſpring preſs'd upon the ſurface of the included water, was by degrs RR Panc 
pumped out; ſo the air impriſon'd in the bladder, gradually expand ove 
at the bottom of the water, as if no ſuch liquor had interpoſed be pc: of 
them, otherwiſe than by its weight; upon which account it muſtbei be im 
1Jow'd a little to hinder the expanſion of the bladder, in proportion ot Win {nd 
height it has above it. Thus the immerſed bladder was at length 1. doſph: 
blown, by the dilatation of the air incloſed in it; and, by its intumeſceit, eser. 
made a conſiderable part of the water run over the ſides of the glaſs un cloſed 
before contain'd it all. And when acceſs was given again to the exten WFP Man 
air, the internal being compreſs'd, the bladder was preſently reduced als wi 
its flaccid ſtate. Weties t 
We took a ſmall fine bladder, whoſe neck was ſtrongly ty'd up, wie K eight! 
it was about half full of air; this we put into a ſhort braſs- cy linder, & uſt pre 
lower of whoſe baſes was clos'd with a braſs- plate, and the other = © ſprin 


open; this open orifice we afterwards ſtopp'd, but not exactly, wit Hop 
lindrical plug, that was ſomething leſs than it, and was, by a rim a Jt a 


top, hinder*d frem reaching too deep into the cavity of the cylinder, 4 eh 
it might not damage the bladder which lay beneath it: upon the plug " - 3 
placed a conical weight of lead; and this pile of ſeveral things, beg! able te 


placed upon our engine, that we could cover it with a great receiver, we 15 
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ft the engine to ſuch a height, that it covered all the leaden weight, which 
Vas ſeveral inches high, except a rim faſtened to the top of it, for the con- 
eniency of removing it. This being done, the pump was work'd; and, 
Wong before we had exhauſted the air of the receiver, that which was in- 
oſed in the lank bladder had, by degrees, diſplay'd ſo vigorous a ſpring 
That it raiſed up the weight, which lay upon it, to a conſiderable height, 
and kept it there, till the air was let in from without, to aſſiſt its depreſ- 
ure by the lead, which amounted to no leſs than about twenty-eight. 
pounds. | | 
We took a cylindrical copper-veſle],. of a conſiderable height; into this, 
deing firſt almoſt fill'd with water, we put a ſquare glaſs-vial, capable of. 
Kontaining nine or ten ounces of water, and exactly ſtopp'd with a cork, 
End a cloſe cement, this vial, by a competent weight, was detained at: 
She bottom of the water, from whoſe upper ſurface it was conſiderably 
Hiſtant; then the copper-veſſe], being placed upon the engine, and inclu- 
Wed in a great receiver, well cemented on; the air was, by degrees, pumped 
Put: but, before it was quite exhauſted, the glaſs, at the bottom of the. 
Pater, was, by the ſpring of the air included in it, burſt into many 
Pieces, not without great noiſe, and a kind of ſmoke, or miſt, that ap- 
xeared above the ſurface of the water: and another glaſs, of the ſame. 
Wort, was broke, after the ſame manner, in another veſſel 

Now, the conſequence that naturally reſults from the three laſt experi- 
ents, is, that (ſince barely upon withdrawing the preſſure of the included 
Wir, the air reſiding in the immerſed bodies, did, by virtue of its ſpring, 
Wxpand itſelf ſo forcibly, and perform ſuch conſiderable things; the air 
Hove the water mult have exerciſed a very ſtrong preſſure upon the ſur- 
Nee of it; for, it muſt have been, at leaſt, equivalent to that force of 
We immerſed air, the exerciſe whereof it was able totally to hinder. 
And, from hence, it may be eaſily deduced, that the weight of the at- 
Poſphere acts upon bodies under water; tho? the interpoſed liquor is vaſtly 
Weavier, in ſpecte, than in air: for, we have juſt now proved the preſſure of 
i (cloſed air, which conſiſts in its ſpring upon bodies under water. And, 
is manifeſt, that the ſtrength of the ſpring of this lower air, we make our 
Fals with, is cauſed by the weight of the upper, which bends and com- 
W'c!les thoſe little ſpringy particles whereof our air conſiſts; ſo that the 


1 eight of the atmoſphere, being equivalent to the ſpring of the lower air, 


ult preſs upon the ſurface of the ſubjacent water, with a force equal to 
* ſpring of that part of it which is contiguous to the water. 


e bodies expoſed to it: ſo that neither men, nor other animals, would/#** 
e able to move under ſo great a load, or withſtand its ſorce. 


Thi. 
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; fully cemented on, ſuch a veſſel, and at the top of it pour'd in ſomuch water STaTics, 
| as would ſerve to fill the vacant part of the braſs. cylinder, and the cavity 


4 N proved a great impediment to the reception of the doctrine of the g gelt in 
abt and preſſure of the atmoſphere, that, if it could, really, exerciſe a diferest 
WP great a force as we aſcribe thereto, it would, unavoidably, oppreſs all manner from: 
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STATICS. This I grant to be a plauſible objection, but the force of it will be taken 
WY YL away by the following conſiderations put together. 
hence, the And firſt, the power of preſſing, that we aſcribe to the air, is ng, 
weight of the thing deduced from doubtful ſuppoſitions, or bare hypotheſes, but frgy 
atmoſphere is real and ſenſible experiments. And therefore, ſince we have clear wy 
met prejudicial poſitive proof of the preſſure of the air; tho? we could not explain lor 

to the bodies of Fo | . 

. men and other animals are not deſtroyed by it; yet we ought rather to x. 
knowledge our ignorance in a doubtful problem, than deny what exp 
rience manifeſts to be true. Thus the attractive virtue, and other Power 
of the loadſtone, are freely acknowledg'd, even by thoſe who confels then. 
ſelves unable to explain them; tho', if experience did not ſatisfy ug 
them, they were liable to many more conſiderable objections, than ay 
urg*d againſt the preſſure of the air. 

But thoſe who make this objection againſt the great preſſure of at 
ſeem not aware, that we were conceiv'd, and born in places expoſedy 
the preſſure of the atmoſphere : and, therefore, how great ſoever that pre 
ſure appears to be, it ought not to cruſh us now: ſince, when we wer 
butembryos, or newly born, we were able to reſiſt it; and not only ls 
but grow to all dimenſions, in ſpite of it. 

If there were any place about the moon, or other celeſtial globes, whid 
ſome ſuppoſe to be inhabited, that had no atmoſphere, or equivalent fu 
about it, and where men, yet, could be generated a- new; and one of the 
men ſhould be tranſported thence, and ſet down upon our earth, ther 
might be made an experiment proper to decide our controverſy. [nth 
mean time, I doubt, ſince nature is not obſerved to make things ſuper: 
fluduſly ſtrong, ſuch a human body, not being deſign'd to reſiſt any wegit 
or preſſure of air, would be of ſo tender and compreſſible a make, thati 
would eaſily be cruſh*d inwards, by our atmoſpherical preſſure. Andto 
we cannot give an inſtance of this kind, yet we make trials ſomewhitlixe 
it, in our pneumarical engine. For when we place water in our recht, 
and pump out the air that was above it, there will be generated a mult: 
tude of bubbles; ſome of which, when the air is carefully withdraw 
ſwell to a ſtrange and ſcarce credible bulk. Theſe bubbles being generate 
where the air cannot preſs upon them, ſuch dimenſions are ſo natural toten 
that if the receiver be ſtanch, and no other unfriendly accidents interveth 
they would probably be durable; ſince I have known the ſpring of hig 
dilated air continue for many months: and a bladder would, for no f 
time, continue blown and filled, in our vacuum, by a little air left nk 
when the external was withdrawn from it. Yet the large bubbles, wit 
once the ontward air is ſuſfer*d to come in upon them, are thereby ſo vi 
lently compreſs'd, that in a trice they ſhrink into dimenſions too {mall 
keep them viſible. And if I could have ſucceeded in my attempt of p 

ducing living bodies in our vacuum, I ſuppoſe the ſucceſs would have c 
firm'd our doctrine. 

You will tell me, that ſo great a weight and preſſure, as I aſſign rotit 


atmoſphere, muſt needs make a man feel pain; and if not diflocat: 1 
i 
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W che parts, at leaſt preſs the whole body inward. But, 1. being ac- STAaTICSs: 
E.+om'd to this preſſure from our very birth, and even before it, we are 
- der d from taking notice of it; thoſe preſſures only being ſenſible to us, 
at are made ſo by ſome additional cauſe, which, by making a new im- 
-efſion, excites us to obſerve it. Thus we are not ſenſible of the weight 
We che clothes we wear; and ſo a healthy man is not ſenſible of the heat in 
Js heart, becauſe *tis conſtant there, and the ſentient parts of the heart 
ve been uſed to it, tho? that heat has been often very conſiderable ; but 
Shen, in live diſſections, a man puts his finger into the heart of an ani- 
Kal, which probably has a fainter, or at leaſt no ſtronger degree of heat, 
Jan a human heart, he will feel in his fingers, accuſtom'd to the air, a 
anifeſt degree of heat. 2. It has been proved, that a cubic inch of air, 
& inſtance, has a ſpring ſufficient to reſiſt the weight of the whole atmo- 
Where, as far as it is expoſed thereto; otherwiſe it would be more com- 
Weſs'd than in fact it is. 3. A very little portion of air, tho' it much 
ner loſes its ſpring by expanſion than a greater, yet will reſiſt further 
mpreſſion, as much as a greater. 4. The pores of the parts of animals, 
ether fluid or conſiſtent, as in their blood, gall, urine, heart, liver, Sc. 
re are included a multitude of aerial corpuſcles; as appears from the 
merous bubbles afforded by ſuch liquors, and the ſwelling or expanſion 
the conſiſtent parts in our exhauſted receiver. 5. To this we may add, 
Wt beſides the bones, whoſe ſolidity is not queſtion'd, a much greater 
Irt of the human body than is uſually imagined, really conſiſts of mem - 
nes and fibres, and the coalitions and contextures of them; and that 


ee ſubſtances are, by the moſt wiſe author of things, made of a much 
cight ſer and ſtronger texture, than thoſe, who have not try'd, will be apt to 
| k. Laſtly, there is a far greater difference than men commonly ſuſ- 


between the effects of the preſſures made upon bodies by ſolid 
gnts, and thoſe they ſuffer from ſurrounding fluids. 

ence tis not neceſſary that the preſſure of the atmoſphere, tho? as 
at as we ſuppoſe it, ſhould oppreſs and cruſh the bodies of men, who 


ran, under it; for the ſolidity of bones, and the ſtrong texture of the 

"erate! branes and fibres, with the ſpring of the aerial particles, (which abound 

other, © ſofter as well as in the fluid parts of bodies) that is equivalent to the 

ervent, ure of as much of the atmoſphere, as can exerciſe its preſſure a- 

igll ſt them; make the frame of a human body ſo firm, that it may well 

- no t che preſſure of the outward air, without having any part violently 

of; in eated; whilſt this external preſſure is exerciſed only by the air, which | 
„ wi TS but a ſurrounding fluid, prefſes equally on every ſide. And be- '» 
y ſo 7 le our bodies have been produced in the atmoſphere, and from our very 

mal WE" expoſed, without intermiſſion, to the preſſure of it; our having been 


Woually accuſtom'd to this preſſure, and the firmneſs of our ſtructure, 
us from being ſenſible of the weight or preſſure. 
—— of men have had occaſion to paſs over high mountains, 
myſelf have been upon the Alps and Apennines; yet I never met 
w heard of any one, who took notice of the difference, as 
. II. B b b to 
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- STATI1cCs. to the weight of air ſuſtain'd ; or who complain'd, that, when come dom 


2 


a half high; which is ſo conſiderable a weight, as could not but have 


Experiments 
to illuſtrate 
and confirm 
this doctrine. 


upon his head, above what he ſuſtain'd at the top, equal to the heightdly 
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to the foot of the mountain, they felt any greater compreſſure from y, 
air, than at the top. Yet numerous experiments witneſs, that on mores, 
vated parts of the earth, which have a leſs height of the atmoſphere, 
cumbent on them; the weight and preſſure of the air is not ſo great x, 
low. And, on very high mountains, *tis not unlikely that this differens 
may be very conſiderable ; ſince, when the Torricellian experiment m 
made near Clermont in France, upon the Puy de Domme, which is nog 
the higheſt mountains in the world, they found the difference of the nz. 
cury at the top and bottom, to amount to about three inches; and, q 
ſequently, if the trial had been made with water inſtead of quick. liz 
the difference would have been about three feet and a half, perpendiculy 
height. And on much higher mountains, the difference of the hegt: 
of the mercurial cylinder at the top and bottom, would be much greats 
But, at the bottom of ſome very deep well, or mineral groove, which m 
without improbability, be ſuppoſed placed at, or near the foot of oe 5 
theſe mountains; if we conceive the barometer to be let down, the u 
riation would be much more conſiderable ; yet we find not that the dig 
in the deepeſt mines, of mountainous countries, are ſenſible of being d 
preſſed, or compreſſed, by any unuſual weight. But, to build only 
matter of fact; it appears by the preceding obſervations, that when am 
was at the bottom of the hill, he had an additional weight of air preſig 


imaginary veſſel of water, having his head for its baſis, and three feetwi 


of itſelf, very uneaſy to ſupport. And the ſame muſt be, proportion), 
applied to the other parts of his body. Whence, we may infer, thatli 
a weight was not felt by the man it compreſſed, becauſe the prefſurem 
exerciſed after the uniform manner of fluid bodies. 

And this may ſuffice to ſhew, that there is no neceſſity the compu 
of the atmoſphere ſhould make it impoſſible to live in it. But, to d 
this matter ſtill farther, we made the following experiments. 

Into a ſhort hollow cylinder of braſs, we put a fine bladder, ty 
cloſe at the neck, that none of the air, whereof it was about half fl 
would probably get out. This we did, to the end that the hen“ $ 
we were to bed in it, might lie ſoft, and have its ſides almoſt cover d 
the limber flaccid bladder, and contained air; then we cover'd tht" 
maining part of the egg with another bladder, that nothing hard vl 
come to bear immediately upon the ſhell ; when putting a wooden "i 
into the cylinder, and a weight upon the plug, tho' flowly and Vi 
leſt the quick deſcent of the weight ſhould make the plug break the 
we, in the laſt place, cover'd the cylinder with a large receiver, ad 
air being drawn out, that air which was ty'd up in the bladder, 0) * 
grees, expanded itſelf ſo ſtrongly, as to lift up the plug and the le- 
bent weight, to a conſiderable height, and keep it there, till the cn 


air was re-admitted, | 
2 * 
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Now ſince the air in ſuch caſes expands itſelf vigorouſly every way, it Sr Ar ies. 


W muſt preſs againſt the egg with the ſame force that it did, proportionably, L&VYJ, 


T. -:inſt the bottom of the plug; and that force was more than ſufficient to 
Witt up the weight, which, together with the plug, amounted to about 
rhirty pounds: yet the egg being taken out, appear'd perfectly whole, 
und no way harmed. But the ſame egg was afterwards cruſh'd to pieces, 
yy laying warily ſmall weights one after another upon it, till they amount- 
ed to about four pound weight. | 
We took a glaſs bubble, about an inch and a half in diameter, blown 
At the flame of a lamp, that it might be far more eaſy to break than the 
En inneſt vial ; this bubble we included between bladders, as we did the 
Sos in the former experiment; and then having warily put the plug into 
Nee cylinder, ſo as to preſs upon the bladder that ſurrounded the glaſs, 
e leiſurely put the weights upon the plug, till they, together with it, 
mounted to thirty pounds, or more; which being removed, the plug 
as removed; and the glaſs-· bubble, tho' it were perhaps as thin as fine 
White paper was taken out whole. 
But, leſt the great reſiſtance of ſo thin a glaſs, which yet was not herme- 
cally ſeal'd, ſhould be aſcrib'd to its ſpherical figure; we employ'd, in- 
ead of it, the ſhell of an egg, whence, by a hole made at one end, the 
olk and white had been taken out. This empty and imperfe&ly cloſed 
hell, we treated as the glaſs-bubble, in the laſt experiment; and, not- 
ithſtanding the great leaden- weight that reſted upon the plug, it eſcaped 
ithout the leaſt crack. 3 
And, to ſhew that what we obſerv'd about the nature of the compreſ- 
re of fluid bodies, will hold as well in water as air; we put an hen's 
ze into a limber bladder, almoſt full of water; and tying the neck very 
ait, that nothing might get in or out, we ſo placed the bladder in the 
cylinder, that the egg might not be immediately touch'd by any 
Ing that was hard; then putting the plug into the cylinder, we warily 
leiſurely heaped upon it convenient weights of lead, till they amount- 
to about ſeventy-five pounds: notwithſtanding all which, the egg was 


een out ſound and uncrack'd; and probably might have ſupported a 
alt fc greater preſſure. 3 
en's Nor were eggs the only bodies we endeavour'd to cruſh after this man- 


dhe trial having been alſo made upon a piece of butter, of a very ir- 
aur ſhape, it came out unalter'd. 
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ties of fluids 
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F< herewith to examine if CO I N be adulterate 
. or counterfeit. 


bubble, with a long ſlender ſtem, to compare the ſpecific gi 
vities of ſeveral fluids, by its degrees of ſinking in them; m 
coming to conſider its uſes more attentively, I found it alſo proper tod 
cover the ſpecific gravities of ſeveral ſolids; for every ſolid heavier thn 
water, loſes in water as much of the weight it had in air, as a bulk 
water equal to the immerſed ſolid would weigh in the air; and conſequent 
ly, as gold is by far the moſt ponderous of metals, a piece of it, ud ar 
of equal weight of any other metal being produc'd, the gold mut be th 
leaft in bulk; if both of them therefore be weigh'd in water, the gil 
mult loſe leſs of its former weight than the other metal, becauſe it 
grow lighter herein by the weight of a bulk of water equal to act 
ſpectively ; hence I concluded that my floating inſtrument would 
made to ſink deeper by an ounce, for inſtance, of gold hanging #! 
under water, than by an ounce of braſs. | 

This inſtrument may be made of glaſs, copper, ſilver, or almot ment: 
other ſolid body that is fit to float on water with a piece of coin than ce 
ing at it, and of a texture cloſe enough to keep out the water; it corn: bn p 
of three parts, the ball, the ſtem, and the place for the coin; the 1.8 
BCDE, if of metal, conſiſts of two thin concave plates ſolder d u 


Hs formerly uſed a little inſtrument, conſiſting of a gl 


Wcounte 


propo 


Vater! 
Nit Want 


ther in the middle; and at the moſt diſtant parts from the juncture he 1 
ought to be left two oppoſite holes, one in each plate, for the to 01s "yi 
parts of the inſtrument ; the ball ſhould not be exactly round, b. mine 
any fit ſhape, to keep the inſtrument erect and ſteddy in the wat! 1 but if 


it muſt contain air enough to prevent the whole inſtrument, when oy 


2 


ſrom 


on to the ball, at the upper hole thereof; it may be either hollow or ſo -. 
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ſinking below the top of the ſtem; the ſtem A B muſt be ſolder'd STATS. 


S1;d, but it ought to be made very ſlender, and conſiderably long; in the 
Uower hole of the ball is ſolder'd the undermoſt part of the inſtrument, 

which I call the ſtirrup G; the ſcrew F is a very ſhort piece of braſs, Eg. 28. 
T..ich a broad Clit in it, capable of receiving the edge of the coin, which 
with a turn or two of a ſlight ſmall ſide-ſcrew may be kept faſt in; the 
ſtirrup G is made of wyre, which a little below the bottom of the ball is 
pent round, ſo as to ſtand horizontally, that the coin may be laid upon 
it; it would be convenient to have the under ſtem and fcrew made ſepa- 
rate, that the ball of the inſtrument being ſufficiently large, there may be 
room for two or three flat round pieces of metal K, with each of them a Fig. 29. 
hole in the middle, fitted to the ſize of the ſtem, to ſerve as balaſt, being 
Splac'd near the lower part of the ball, when the ſcrew may be thruſt on to 


Wupport them. 


$ To adjuſt this inſtrument for the examination of a guinea, you muſt, 41p1;z4 to th 
Sy the help of the ſtirrup or ſcrew, hang a guinea, known to be genuine, examination - 


Kt the bottom of it, and having ſtopt the orifice of the ſtem, if hollow, 7 coin. 
that no water may get in, immerſe the inſtrument gently and perpendicu- 
Warly in a veſſel of fair water almoſt to the top of the ſtem ; then letting it 
alone, if, being ſettled, it continues in the ſame ſtation and poſture, the 

work is done; if it emerge, add a little weight to it, either at the bottom 

pr the top, that the guinea may depreſs it as low as is required; but if it 
ink quite under the water, lighten it, by filing off from the balaſt-plates 

Eabove-mention'd, or otherwiſe ; then ſet a mark H where the ſurface of Fig. 27. 

che water touches the ſtem, and taking out the inſtrument, ſubſtitute in 

the place of the guinea a little round plate of braſs, of the ſame weight, or 
grain or two heavier, in the air; and putting the inſtrument into water, 

Ws before, let it ſettle, and make another mark I at the interſection of the 

em, and the horizontal ſurface of the water. | 

But there may happen a caſe wherein the practical application of our 

Wnitrument will be unſecure ; for if a falſifier of money have the ſkill, by 
aſhing or otherwiſe, to take off much of the ſubſtance of the coin, with- 

out altering or impairing either the figure or the ſtamp, the coin will not 

depreſs the inſtrument to the uſual mark, whence the guinea may be judg'd 
counterfeit, tho? it be only too light, however it preſently ſhews that the 
propoſed guinea is abus'd ; and if the want of weight appear by the inſtru- 
ment to be very great, it is a ſtrong preſumption that it is rather waſh*d 
chan counterfeit ; but the balance will preſently reſolve the doubt, for if 
te ſuſpected coin has its due weight in the air, the great lightneſs of it in 


Vater ſeems to proceed from its not being of the requiſite fineneſs ; and if 
i want much of its due weight in the air, it is probably waſh'd, Sc. ra- 
ther than adulterated. | : 

It may be very convenient for thoſe who have frequent occaſions to ex- 
amine various ſorts of coin, to have a different inſtrument adjuſted to each: 
but if the ball be made large, and with a ſtem long and lender enough, we 
may 
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may ſoon, by changing the balaſt-plates occaſionally, fit the ſame inſiq 
ment to examine coins of different metals and weights; thus one of thy 
made of copper ſerves me for guineas, crown -· pieces, and half. crowm, a 
may eaſily be made to ſerve for ſeveral foreign coins. 

After the ſame manner may pewter be compar*d and examin'd; for x 
ving once obſerv'd how far the inſtrument is ſunk, by a determing 


weight of it, which is known to be good in its kind, and to contains 


due proportion of lead and tin, if you load the inſtrument with an equy 


weight of any other maſs of pewter, and it fink deeper, the proponiy 
of lead very probably exceeds in the mixture; tho? tis poſſible to de 
pewter with mineral ſubſtances, whoſe ſpecific gravities are not w 
known; but to do it with lead ſeems to be the molt gainful way, 

This inſtrument may alſo aſſiſt us to make a near eſtimate of the ye. 
neſs of gold, and its different alloys with ſilver, or other determim 
metals; for being fitted to ſink to the top of the pipe with a cert 
weight of the pureſt gold, as ſuppoſe an ounce, make a mixture q 
taining a known proportion of the metal wherewith you alloy the gal 
ſuppoſe of 19 or 15 parts of gold, and one of ſilver, and letting the 
ſtrument ſettle in the water, mark the place where the ſurface of the ful 
cuts the ſtem ; then putting in another mixture, wherein the ſilver ben 
a greater proportion to the gold, as, ſuppoſe the former be an 18 
or a 14th part of the latter, you may obſerve how much leſs thy 
before this depreſſes the inſtrument ; and ſo proceed to as many degra 
of alloy as can be diſtinguiſh'd on the ſtem ; always obſerving that tk 
weight of each maſs in the air be exactly the ſame with that of the pu 
gold, which we ſuppoſe an ounce. 

By the ſame method may be examin'd the different alloys of pure ſi 
with copper, or other metal ſpecifically lighter than ſilver ; and vitha 
ſlight variation it will not be difficult to eſtimate in what degree feel 
coins, whether ſilver or gold, are debaſed by the known ignobler meu 
mix*®d in the piece propoſed, and this with greater exactneſs than by tht 


touchſtone, or much more troubleſome and chargeable methods; ul 


the ſame is applicable to other mixtures of metals, 
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. I. 


AVIN G had occaſion, amongſt other things relating to the 7arious bodies 
air, to conſider its moiſture and dryneſs, I eaſily diſcern'd, propoſe, to di/- 
they had no ſmall influence upon ſeveral bodies; and, among — = = = 

| the reſt, upon thoſe of men; as the air we breathe, either fare f the air. 

aſſes from one of theſe fluid qualities to the other; or from one degree to 

other, in the ſame quality. 

I therefore immediately conſider'd of a proper way to diſcover the 

anges of the air, as to moiſture and dryneſs ; with their ſeveral degrees. 

or this purpoſe it ſeem'd, to me, that if a ſtatical hygroſcope could 

> contrived, it would be very convenient; and fit both to determine the 

egrees of the moiſture or dryneſs of the air; and to tranſmit the obſer- 
ations made of them to others. And conſidering further, that among 
ddies, otherwiſe well qualified for ſuch a purpoſe, that was likelieſt to 
ee the moſt ſenſible informations of the changes of the air, which in re- 
ject of its bulk had the largeſt ſurface expoſed thereto; I pitch'd upon 
ne ſpunge, as a thing which is portable, not eaſily diſſipated, but by 
$ readineſs to imbibe water, ſeem'd likely to attract the aqueous particles 
might meet with in the air, and which, by its great poroſity, has much 
re of ſuperficies, with regard to its bulk, than any body not otherwiſe 
Is fit for the purpoſe. | | 
But I here propoſe not the beſt hygroſcope that might be contriv'd, 
Ily one that is ſimple, cheap, contain'd and ſet up in a little room, eaſy 
be 1" and tranſported, ſtatical, commodious, and applicable to va- 
us uſes, | 
In conſidering what bodies were the fitteſt to be employ'd for ſtatical 

. I made trial of more than one, that ſeem'd not the leaſt pro- 

ing. I know that common or ſea- ſalt will greatly relent in moiſt air; 

d falt of tartar much more: but then theſe ſalts will not eaſily part 

I the aqueous corpuſcles they have once imbibed; and are, in other 

pects, leſs convenient than a ſpunge. I made tryal alſo with lute- 

ſtrings, 
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StaT1cs, ſtrings, choſen very ſlender, that they might have the greater ſurface, 5 
reſpeccof their bulk; and thoſe I found very well to imbibe the m. 
ſture of the air; but afterwards they did not anſwer. my expectatio 
I alſo cauſed a cup to be turned out of light wood, which, that it mig} 
leſs burden a tender balance, had, inſtead of a foot, a little button, 
whereto a hair might be tied to ſuſpend it; and this cup being exceedjy 
thin that it might have much ſurface expoſed to the air, proved ſo goal 
a hygroſcope that I made ſeveral obſervations with it for a conſidera} 
time. It agreed alſo with many trials made on other occaſions, thy 
white ſheeps leather, ſuch as is uſed for plaiſters, would bevery convenient 
for my purpoſe. And indeed I found, by ſeveral obſervations, that i 
this leather were a ſubſtance as little liable to corruption as a ſpunge, | 
would be a fitter matter, than any other I had employ'd, tor hygr,. 

{copes. 
A ſpunge made or upon the whole, I found no body ſo convenient for my purpoſe, x 
choice g. a ſpunge; to try the poroſity whereof, we weigh'd out a dram of th 
fine ſort; and having ſuffer'd it to ſoak up what water it could, ye 
held it in the air, till it dropp'd ſo very ſlowly, that we counted 
hundred between the falling of two ſucceeding drops; then putting it int 
the balance wherein it had been weigh'd before, we found, that as its d. 
menſions were increaſed to the eye, ſo its weight increaſed upon the ſcale; 
amounting now to above two ounces and two drams; fo that one drama 
| ſpunge, tho? it ſeem'd not altogether ſo fine as the portion we had choſe 
for our hygroſcope, imbibed and retained ſeventeen times its weight d 
water. * 
And turi'd in. Now a ſpunge is eaſily turn'd into a hygroſcope; for having weigie 
10 a hygroſcepe. it when the air is of a moderate temperature, it only requires to be pu 
into the ſcale of a good balance, ſuſpended on a fix*d and ſtable ſupporter, 
For the ſpunge being carefully counterpoiſed at firſt with a metiline 
weight, which alters not, ſenſibly, with the changes of the air, it willy 
its riſing or falling, ſhew how much the neighbouring air is grown die 
or moiſter in the place where the inſtrument is kept. The weight of te 
ſpunge may be greater or leſs, according to the ſize and goodneſs of ne 
balance, and the accuracy required in the diſcovery. For my part, tho 
J have with very tender ſcales long employ'd but half a dram of ſpungt 
I found it anſwer my expectation: and tho', when I uſed a bulk ſever 
times as great, in a ſtronger, but proportionably leſs accurate _ 
I had ill ſucceſs ; yet after trials with different quantities of it, I prefer 
that of a dram; as not being ſo heavy as to overload the finer ſort 
goldſmith's ſcales, and yet ſufficient to diſcover changes conſiderably mt 
nute 3 turning, diſcernably, with a ſixteenth or twentieth part, and, m 
nifeſtly, with half a quarter of a ou . be fl 
Experiments With ſuch hygroſcopes as theſe (wherein the balance ought to b Y 
and ofſervati- kept ſuſpended and charged) I made ſeveral trials, ſometimes 1 ; 
ons made with ſpring, ſometimes in the autumn, and ſometimes alſo in the fun" 


| ind 1 
_ and winter. Having once kept a dram of ſpunge ſuſpended, 9 
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ole ſpring, and a great part of the preceding winter, and ſubequent Sr ar ies. 
mer, I was well rewarded by the obſervations it afforded me. aa 
Nos the uſe of a hygroſcope is either general, or particular. a + 
ue general uſe is, to eſtimate the changes of the air, as to moiſture 5 % ,r hy- 
WW. dryneſs, by ſuch ways of meaſuring them, as are eaſy to be known, groſcopes. 
&.vided and communicated, ?* Tis obvious that our ſtatical hygroſcope _ 
s che advantage of the common ſorts, in theſe ſeveral reſpects. 
here is however, one great imperfection, which all that I have been 
anainted with, are liable to; the want of a ſtandard of the dryneſs and 
oiſture of air; by relation to which, hygrometers ſhould at firſt be ad- 
Qſted, and afterwards compared with one another: tho? this inconvenience 
bay poſſibly be remedied. In the mean time, even our flight inſtrument 
ill, in many reſpects, prove very ſerviceable. 
And firſt, it will, on many occaſions, be uſeful to ſhew, both that the ;, firſt uſe of 
WS is uſually leſs moiſt at one part of the artificial day, than at any other; thefatical hy- 
Wd at what particular time of the day, or night, it moſt commonly is ſo. be, 7 
emember, when the weather was at a ſtand, I uſually obſerved, thay How ee 
e ſpunge had manifeſtly gain'd in the night, tho? it were kept in a bed- f wearber in 
W:mber, and grew lighter again between the morning and noon. But che ſame month, 
ss obſcrvation, which was made towards the end of winter, would not 4%, and bour. 
ld, in caſe froſty nights, or ſome other powerful cauſe intervened. 
WT were proper, alſo, to obſerve, whether there be not a correſpond- 
Nee betwixt the hygrometer, and barometer; and if there be, in what 
Wind of weather, or conſtitution of air, itis moſt, or leaſt to be diſcern'd. 
Wind this enquiry ſeems the more dubious, becauſe the ſame changes of the 
Wimoſphere may, upon differing accounts, have either the like, or quite 
Yntrary operations upon theſe two inſtruments. For, in ſummer, when the 
moſphere is uſually heavier, the hygroſcope is uſually lighter: ſome 


= Wong winds, as with us the north-weſt, may make both the atmoſphere, 
|, vy barometer lighter 3 whereas, ſoutherly winds, eſpecially if accompanied 
* h rain, often make the atmoſphere lighter, and the ſpunge heavier. 


the other ſide, I obſerve, that eaſterly winds, eſpecially when they 
gin to blow in winter; tho', by reaſon of their dryneſs, they make the 
groſcope lighter ; yet, at leaſt here, at the weſt-end of London, they com- 
ugh dnly ſhew the air, by the barometer, to be heavier. It were, likewiſe, fit 
be obſerved, particularly by thoſe who live on the ſea-coaſt, whether the 
ly ebbing, or flowing of the ſea, do not ſenſibly alter the weight of the 
groſcope. It would alſo, be very convenient, to take notice, at what 
of theday or night, ceteris paribus, the air is moſt dampand moſt dry; 

anot only in ſeveral parts of the ſame day, but in ſeveral days of the 
ne month; eſpecially on thoſe, wherein the full or new moon happens: 
dd thisſeems a more hopeful way of diſcovering, whether the full moon 
uſes a moiſture in the air, than thoſe vulgar traditions of the plumpneſs 

amt oyſters, ſhell-fiſh, the brains of ſome animals, the marrow in their bones, 
It may alſo be noted, whether monthly ſpring-tides, eſpecially when 

or. Il, Tec they 
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STATIcs, they happen near the middle of March or September, have any (ey 
WLYAL effect, upon our inſtrument. 


A jecond uſe, to 


ſhew how much 


one year, and 


ſeaſon, is dry- 


er and moiſter 
than anither, 


Hygroſcopes Confider d. 


The hygroſcopes made of an oaten beard, after ſome months, begin, 
dry up and ſhrink ; ſo that their ſenſe of the varying degrees of the al 
ſture of the air, is not ſo ſudden as before; and the informations theygi 
of the degrees of it, eſpecially towards the outmoſt bounds of their p 
er, to ſhew the air's alterations, become more and more irregular, By 
durableneſs, and the other convenient qualifiations of our ſpunge, maki, 
its capacity of doing ſervice more eng may the better help us to con 


pare the greateſt moiſture and dryneſs, both of the ſame ſeaſon, and ot hat! 
ſeaſons of one year, with the correſpondent ones of another. And, ii, lace 

weight of the ſpunge, at a proper time, when the temperature of the iri Wind, 

neither conſiderably moiſt, nor conſiderably dry, be taken for a ſtandai, M ery p 
a perſon may, by computing for how many days, at ſuch an hour, andhy nds, 
much at that hour, it was heavier or lighter than the ſtandard; andi bo 1 
by comparing the reſult of ſuch an account, in one year, with the reſuti d be 
the like account in another, be aſſiſted to make a more particular, andy allty 
eſtimate of the differing temperature of the air, as to moiſture and dite, 

in one year than in another; and in any correſpondent ſeaſon, or moni, ent. 
aſſigned in each of the two years propoſed. And, how far the compari, forn 
or continuance of ſuch obſervations, both in the ſame place, and lv: For, 
different countries, and climates, may be uſeful to phy ſicians, in referen WE che 
to thoſe diſeaſes, where the moiſture and dryneſs of the air have much bree 
tereſt ; and the husbandman, to foreſee what ſeaſons will prove friend gel th 
or unkind, to particular ſoils and vegetables; it muſt be the workoftin |" © 
to teach us: in the interim we have no reaſon to deſpair, that the us» obab] 


be made of ſuch obſervations, may prove conſiderable. And it, by tt 
reſult of many obſervations, men may be enabled to foreſee the tenpen- 
ture of a year, or even of a ſeaſon, it may advantage other profeſſions! 
men, who receive much profit, or prejudice, by the great dryneſs, ot 
ceſſive moiſture of the ſeaſons. Not to mention thoſe who cultivate nos 
faffron and other plants, that are tender, and bear a great price; {uct! 
foreſight, as we are ſpeaking of, may be of great uſe to ſhepherds, wi 
in ſeveral parts of England, often ſuſtain great loſſes, by the rot of ſhe) 
which uſually happens through exceſs of moiſture, in certain months 


| ntrary 
ter cal 


the year. And, in order to lay foundations, whereon to build predict _ 
it may not be amiſs to regiſter the number, magnitude, and duration, 4 5 
pe; ar 


the conſiderable ſpots, that may at this, or that time of the year, hay 
to appear, or be diſſipated, on, or near the ſun; or to take notice of i 
extraordinary abſence of them; and to obſerve whether their apparition 
diſſipation, produce any changes in the hygroſcope. This, indeed, I ht 
not venture to propoſe, but that eminent aſtronomers have caſually che 
ved great dryneſs to attend the extraordinary abſence, or fewnels 8 
ſolar ſpots. And ſuch perſons as are aftrologically given, may et- 
their curioſity, in the uſe of this inſtrument, to obſerve, whether ecliph 
of the ſun and moon, and the great conjunctions of the ſuperior Pas 
have any remarkable effect upon it. [1 


diſt by 


Hygroſeopes Confer d 370 
I have found, by removing the ſpunge into the wind, that it ſoon re- Sr Artes. 
eived a very conſiderable alteration, in point of weight; as it, alſo, did, : 
hen remov'd out of a room, into a garden, where the ſun ſhone: for, — - aſe, 
o' the ſeaſon were not warm, it being then the month of January, yet AG 5 
three quarters of an hour, the ſpunge loſt a 24th part of its weight. changes of the 
e may alſo, in ſome caſes,, uſefully ſubſtitute a broad piece of ſheep's- oe phys of 
eicher, by diſplaying it to the wind. For this having, by reaſon of is wind _ 
Sinneſs, in proportion to its breadth, a very large ſuperficies immediately jy, ſuczoy, and 
xpoſed to the wind, we found it to be conſiderably alter*d thereby; ſober weather. 
at half an ounce of it, well-prepared, being kept, for an hour, in a 
lace where the ſun-beams might not beat upon it, did, in a ſtrong 
ind, vary an eighteenth part of its original weight. But tho? I think it 
ery poſſible to make ſnch obſervations of the temperature of particular 
Winds, as will frequently prove fo true as to be uſeful, at leaſt, to thoſe 
bo live in the places where they are made; yet I am of opinion, rhat 
be able to ſettle general rules, to determine, with any certainty, the 
Pality of winds, according to the points of the compaſs, from whence they 
ov, great warineſs will be required: and he who has not ſome com- 
tent skill in phyſics, and coſmography, muſt be very ſubject to miſtake 
© forming his rules. 
For, winds that blow from the ſame quarter, are not, in ſome countries 
the ſame quality they are in moſt others; but participate much of the 
ture of the region over which they blow, in their paſſage to us. At Arch- 
gel they obſerve, that tho? a northerly wind, almoſt every where elſe, with- 
t the tropics, produces froſt in winter, it is there attended with a thaw, 
obably becauſe this wind comes over the ſea, which lies north from that 
Wace: and on the contrary, a ſoutherly wind blowing over a thouſand, or 
elvehundred miles, of frozen land, rather increaſes the froſt, than brings 
av. The northern winds, which are elſewhere drying, are ſaid in Egypt 
be moiſt, And we are told, that the northern wind in Egypt, is the 
iſteſt. Monſieur de Serres, ſpeaking of the changes of the air, with re- 
rd to husbandry, in ſeveral parts of France, informs us, that about Tho- 
, the ſouth-wind dries the ground, and the north gives rains. On the 
Wnirary, from Narbonne to Lyons, all over Provence and Dauphine, the 
ter cauſes dryneſs, and the other brings moiſture. 
But, farther, the vehemence or faintneſs of the wind, though blowing 
er the ſame country, may much diverſify its operation on the hygroſ- 
pe; and the ſame wind, which, when it blows but moderately, appears 
iſt by the hygroſcope, may, when vehement, or impetuous, make the in- 
ument grow lighter ; diſcuffing and driving away more vapours, by the 
ation of parts it makes in the ſpunge, than is balanced by thoſe aque- 
vapours that are brought along with it. And froſty weather, as we 
nd often, made the hygroſcope grow lighter, even at night ; but ſnowy 
ather, which laſted not long, added ſomething to the weight of the 


=. and it has been obſerved, that miſts and foggy weather add a 
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Hygroſcopes Conſider d. 


Nay, *tis probable, that a tranſient cloud, in fair weather may he, 


V nifeſtly obſervable by our inſtrument. For, the 9th of September, bein 


A fourth uſe, 


for the moſt part, a very fair ſun-ſhiny day, tho”, about ten a clog}, 
the morning, the ſun ſhone brightly, the ſpunge began to prepondergs. 
which unexpected phenomenon made the perſon, in whoſe chamber gt 
inſtrument was, look out at the window, where he diſcovered a cloud tu 
darken'd the ſun; but, after a while, this being paſt, the balance retun; 
to an equilibrium. And, I have more than once, or twice, obſerved, ef, 
cially in ſummer, that when the air grew heavier, the hygroſcope eich 
continued at a ſtand, or perhaps, grew lighter; as if, when ſuch cafe hay 
pen, the effluvia that get into the air, either from the terreſtrial, or ſq; 
other mundane globe, were not fit, like vapours, to enter and lodge 
the pores of the ſpunge; and ſo were corpuſcles of another nature; yii 
which, when we find by the baroſcope, that the air is plentifully ſtock 
it may be worth while to obſerve, whether any, and what kind of mera 
will commonly be ſignified and produced. 

As it is of great uſe, both in reſpect of mens health, eſpecially if the 


zo compare the be of a tender, or ſickly conſtitution 3 and for the conveniency of the ke 


temperature e 
different 
houſes, an 


Bau ſe. 


ing fleſh, ſeveral ſorts of wares, Sc. that are ſubject to be damaged 


3 moiſt air; ſo this may be readily and manifeſtly derived from our inſt; 


different rooms ment. 
in the ſame 


For, by removing it into ſeveral houſes, or into ſeveral part 
the ſame houſe, and letting it ſtand, for a competent time, in each, we hir 
often obſerved a notable difference; of which! ſhall here give two or thr 
inſtances. 

Having, upon the 1oth of October, taken a piece of fine ſpunge outd 

a cabinet, and clip'd it till it weigh'd juſt half a dram, in a nice pair of ſeals 
and a warm room; we afterwards removed them into a neighbouriy 
room, deſtitute ofa chimney. This ſtatical hygroſcope, was, Or 1, 
at night, remov'd into the former room, and the ſpunge found th 
gain'd three grains, and an eighth; and, conſequently, more than a 
part of its firſt weight: but, being ſuffer*d to ſtand in this warm room; I 
leſs than twelve hours, it loſt a grain, and about one eighth of its forne 
weight; tho? the time it ſtood in this room were, for the molt part rig 
and the weather rainy. 

At another time, we took a piece of very fine ſpunge, which hadis 
merly weigh'd juſt a dram; but having been, for many months, kept . 
very warm room, it was grown much lighter: for, removing it into 
upper-chamber, ina neighbouring houſe, and weighing itin tender ſcales 
the evening *twas found to want four grains, and three quarters, of a du 
and tho? there was a fire in the room, and the ſcales ſtood not far from 
yet, ina ſhort time ( the day being foggy and rainy ) the ſpunge viſibly 0 
preſs'd its ſcale three eighths, and the next morning, was found to want b 
one grain anda half, of a dram; ſo that it had ga in'd about three gi 
and a quarter: and the following evening, being the ſecond of Januar), 
weigh*d one dram, a grain, and almoſt a half. So that in about one“ 


tural day, the ſpunge had acquired fix grains from the moiſture of tie 
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Flat eis, a tenth part of its firſt weight, and a greater proportion to the Sr AIs. 
eight it had the day before. The third of January, the weather being N 
Pet moilt, the weight exceeded two grains; but about three or four of the 
lock in the afternoon it began to loſe of that great weight, which dimi- 
ind more by the next morning, the weather having chang'd that night, 
nd become froſty. 
A dram of ſponge that had for ſeveral] weeks been kept in a dry room, 
Vas (January 10.) carried out into a room where a fire is not uſually 
Wccpr, the weather being extraordinary foggy ; the next morning it was 
Wrought into the former room, and tho' now the weather was clear, it ap- 
&-4r'd to have gain'd about 11 grains in weight; yet it preſently loſt two 
mins by ſtanding in this room. 
in ſmall chambers I have often obſerv*d a moderate fire to alter the Te t 4ſe, 
eight of the inſtrument, plac'd at a diſtance from it, after it had been 3 0 8 
ell kindled for a very little while; but in wet weather, if the fire were —— age 
Hot ſeaſonably recruited with freſh fewel, the decay of it would ſoon be- Preſence or ab- 
in to be diſcernible by the inſtrument. Jence of @ fire. 
WY Suppoſing the alteration of weight in our ſponge to depend only upon e gxth uſe 
We degree of the moiſture of the air, if a convenient part of the room be 2 4 a cham- 
Fhoſen for the hygroſcope, and it be kept conſtantly there, it is eaſy from 4% 7» any 4%½ 
ime to time to perceive when it will be requiſite to increaſe or moderate mY * 
Whe fire, ſo as to keep the ſponge at that weight it was of when the tem- — 
pberature of the air of the chamber, as to dryneſs and moiſture, was ſuch 
s is deſired. I have ſometimes obſerv*d with pleaſure, how manifeſt and 
Preat a change in the weight of our ſponge would be made when the room 
as waſh'd, and for a conſiderable time after, tho? a large fire was kept 
Wn it to haſten its drying. | 
Beides theſe ſeveral uſes of our hygroſcope, there may poſſibly be ma- 
my 3 others; and perhaps, by a little alteration and improvement, it might 
ne made capable of ſhewing ſome difference betwixt ſteams of differing 
_ OR thoſe of water, ſpirit of wine, chymical oils, or new kinds of 
end ubſtances in the air, wherein I ſuſpect there may ſometimes be diſperſed 
"ni eat plenty of unknown corpuſcles ; for I have, mere than once, obſer- 
| ed the hygroſcope not to be affected with the alteration of weather, 
mo nlwerably to what the manifeſt conſtitutions or variations of it ſeem'd 
Wlainly to require; whether unobſerv'd particles perform'd this, by ma- 


on Þ| oper 

ions the other ſteams, in point of figure or ſize unfit to enter the minute 
cales,! * of the ſpunge, or by diſſipating or otherwiſe procuring the avolation 
adm t more of the watery particles than they could countervail, I ſhall not 


ow examine 3 and perhaps too by aſſociating this inſtrument with the 
hermoſcope, baroſcope, c. it might be ſo improv'd as to help us to fore- 
e many conſiderable things, that either are themſelves changes of the air, 
138 thereof; for inſtance, ſickly and healthful conſtitutions 
the air, barren or plentiful ſeaſons in particular places or countries, 

non hurricanes, earthquakes, inundations, and their ill effects; and 
peclally thoſe accidents that depend much upon the ſurcharge of the air, 
with 
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Srarics. With other exhalations and moiſt vapours which before-hand operate feng, 


Abbyy upon our inſtrument, and therefore may be diſcernable by it long h 
fore they arrive at that height which makes them formidable meteors a; 
if it were but the foretelling approaching rain, this very thing may on m. 
ny occaſions prove very ſerviceable, and recommend our inftrument, wic 


Inſtances of © 


the power of 


the moiſture in 
the air at all 


ſeaſons. 


Upon animal 


Subſtances. 


often receives much earlier impreſſions from the ſteams that float in the at 
than our ſenſes do; fo that I have been able to foretel a ſhower of nn 
eſpecially in dry weather, for a conſiderable time before it fell, 

And here I muſt advertiſe, with regard to our inſtrument as well as d 
barometer, that if a theory or hypotheſis, in itſelf rational, be found ,. 
greeable to what happens the moſt uſually in obſervation, it ought not y 
be rejected or laid aſide, tho? ſometimes particular inſtances may call it 
queſtion ; for it is very poſſible that the theory or hypotheſis may be x 
good as a Wiſe man would require, about ſo mutable a fubje& as th 
weather; and the cauſe affign'd by the hypotheſis may really act ſuitzbh 
to what that requires, tho' a contrary effect enſue, by reaſon of this cau 
being accidentally over-ruPd by ſome more powerful agent, which fy 
that time invades the air. Thus we know that tides do in general corre. 
ſpond with the motions of the moon, and generally ebb and flow at ſug 


times and in ſuch meaſures as the theory grounded on that correſpondeng 


requires; yet ſeamen find that in this or that particular harbour, 9 
mouth of a river, fierce contrary winds, great land- floods, and other u 
ſual cauſes, ſometimes both very much diſturb the regular courſe of th 
tides, and either increaſe or leflen them. 


SECT. H. 


Till farther to recommend the uſe of hygroſcopes, I ſhall here ſhen 

that the quality they acquaint us with may be very conſiderable, ct 

only upon mens healths, but upon ſubjects far leſs tender, and leſs cur 
ouſly contriv'd than human bodies. 

That the moiſture of the air may have no ſmall influence, and uſuly 

a bad one upon mens healths, tho' experience did not ſo often teach |, 


I ſhould directly infer from its operation upon the dry and firm partd 
animals; and even in thoſe caſes, where, for want of time, or other i 


iments, it cannot produce any ſenſible degree of putrefaction. 


The ſkins of animals may eaſily be invaded by the moiſt particles 
the air, becauſe of the great number of their pores, which may be cor 
cluded from their hairineſs, their ſweat, or both; and I lately obſer! 
that ſheeps leather imbibes the moiſture of the air, and increaſes in veg 


upon it, as plentifully as almoſt any body I have expos'd to it. 


But to ſhew that much cloſer membranes, and which nature made 
be impervious to ſuch a liquor as urine, may be affected by the vapousd 
the air, 1 ſhall add, that having purpoſely taken pieces of fine well- bon 
bladders, and, as far as appeared, of a very cloſe texture, and count® 
pois'd them in a good balance, I found they would conſiderably = 
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| ſcope. 
4 In 1 1 bones are the firmeſt and moſt ſolid parts of animals, and as 


i were the pillars by which their fabric is ſuſtain'd, yet even theſe may 
be pierc'd and ſenſibly affected by the moiſture of the air; for having 
dauſed the ſkeleton of a human body to be ſo ſet together, that by the 
belp only of ſlender wyres artificially order'd, the natural motions which 
the muſcles make of the bones might be well imitated, I obſerv*d, that 
Itho' in dry and fair weather the flexures of the limbs might be readily 
made, yet in very moilt weather the joints were not eaſily bent, as if the 
Wparts were grown ſtiff and rigid; which ſeem'd to proceed from the moiſt 
particles of the air, which having plentifully inſinuated themſelves at the 
WEpores into the bones, had every way diſtended them, and thereby made the 
parts bear harder againſt one another at the junctures or articulations. 


even upon inanimate and inorganical bodies; even well-ſeaſon*d wood 9-. 
Iv ill ſuffer a kind of divulſion of a multitude of its parts, and be manifeſt- 
By diſtended by aqueous corpuſcles getting into its pores. Having procu- 
red a piece of ſound and ſeaſon'd wood, of about an inch in diameter, to 
e turn'd exactly cylindrical, and alſo a ring of braſs or ivory to fit it, ſo 
bat it might with eaſe be put on and taken off, we ſet the piece of wood 

In fair water, and left it to ſoak there for ſeveral hours, at the end of 
ich it was viſibly ſwell'd, ſo that the ring, which was adjuſted to it 
before, was manifeſtly too little to go again upon it, or with its orifice to 
over the whole baſis of the diſtended cylinder; which afterwards being 
ed in the air, ſhrunk into a capacity fit to enter the ring again. And 
Wyn this experiment I took notice, that the great diſtenſion of the wood was 
Wot produc'd all at once, or ſoon after it was put into the water, but it 
Wc! by degrees, and lay ſoaking there for ſeveral hours before it ar- 
id at its utmoſt dimenſions, the aqueous corpuſcles requiring it ſeems. 
much time to inſinuate themſelves ſufficiently into the wood; which 
W'gues, that the internal parts were likewiſe affected; tho? when theſe 
ame to ſwell, they had a great thickneſs of wood about them, to hinder 
heir dilatation. 
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. nol 
Cutt- 


ſually 
ch l. 
artsd 
er li 


ice H And to manifeſt that even in ſummer there are aqueous vapours floating 
be cat n the air, within ſome days of Midſummer, and in clear ſun-ſhiny weather, 
ert e took a pint glaſs bottle, and having put into it a convenient quantity 
weight If water, plac'd it and four ounces of beaten ſal-armomiac in one ſcale of 


good balance, and a counterpoiſe in the other, and then putting the ſalt 
to the water, I obſerv'd, that tho? for a while the equilibrium remain'd, 


nade d 
et when the frigorific mixture had ſufficiently cool'd the outſide of the 


urs d 


Iblon ecrle, the roving vapours of the air that chanc'd to paſs along the ſurface 
count! WP! che veſſel, were by the contact of that cold body arreſted, and turn'd 
1ncrealk oa kind of dew, which from time to time made the ſcale that held the 


ters, preponderate more and more; and at length the drops growing lar- 


2 Ser, 


beir weight in moiſt, and loſe it again in dry weather; ſo that I might Sr Aries. 
lire employ'd the moſt membranous part of a bladder to make a ſtatical .. 


But farther, the moiſture of the air may exerciſe a conſiderable force Upon vegeta- 
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STaTICs. ger, ran in ſmall rivulets down the ſides of the glaſs ; ſo that in leſs thy 
an hour the condenſed ſteams amounted to near a dram, which Weight 

was afterwards much increas'd, within about two hours more, 

And that the multitude, figures and motions of theſe particles, in th 
form of vapour, may enable them to diſplay no ſmall force in their oper. 
tions on ſome bodies, appears from the breaking of the ſtrings of muſic 
inftruments, firſt brought to a ſtrong tenſion, in rainy weather; for tl; 
vapours which then wander thro? the air, inſinuating themſelves into the; 
ſtrings, diſtend and ſwell them, and thereby endeavour to ſhorten then, 
ſo forcibly, that they often break with a ſmart noiſe and great violence, 
and if we conſider how great a weight ſome of the bigger {ſtrings of hi. 
viols, that have. been obſerv'd to break in moiſt weather, require to ſtretc 
them till they break, this effect of the moiſt air will appear to require; 
very great force. 

Aud even upon Beſides, an ancient muſician and a great organ-maker, inform'd ny, 
metals and mig that the wyre- ſtrings of muſical inſtruments will, for the moſt part, k 
nerals. "I ; 23 

out of tune in wet weather, the ſtrings then generally affording their nots 
ſharper than uſual; and that upon great changes of weather ſever 
organs would (after they had been long tun'd) grow out of tune, ti: 
wooden pipes {well, and the metalline ones be untun'd. 

But if bodies be of ſuch a conſtitution as to aſſiſt the operation of th 
moiſt air, the penetrancy and efficacy of it may be ſtill more conſider. 
ble; for there are ſome kinds of thoſe marcaſites that yield vitriol, whit 
whilſt they lie under ground, or are cover'd with the ſea-water on ſhort, 
retain a ſtony hardneſs, and are often taken for mere ſtones ; yet credt 
perſons have caſually obſerv*d, that theſe being expos'd to the air, would 
in tract of time be ſo penetrated by the moiſt particles of it, as to ſit! 
and burſt ; that this will happen to ſuch kind of ſtones by the helps 
rain, experience has perſuaded me; and that it may alſo happen even! 
very hard and ſtone-like marcaſites, when they are merely expos'd to tit 
air, I am apt to think, from ſome trials of my own; for from {hiniy 
marcaſites, tho? kept but in my chamber-window, I have had vitriolit 
effloreſcencies, which ſeem'd to be produc'd by the action of the plerci 
moiſture of the air upon the mineral; and I remember, that very hut 
and heavy lumps of a marcaſitical ſubſtance, which ſeem'd to be ſtor) 
were ſo diſpos'd to be wrought on by the air, that tho' kept in my on 
chamber, or other cover'd places, yet in a ſhort time were ſo penetrat 
by the moiſt corpuſcles of the air, that they burſt into many pieces, which 
fell from one another, and ſeveral of the divided portions might eaſily" 
crumbled betwixt ones fingers; and of ſome of theſe I have obſerv'd. r 
a vitriolate ſubſtance was produc'd more plentifully in their inner 
parts, than on or near their outſide ; ſo that conſidering how greit® 
external force would have been requiſite to make ſuch a comminutiond 
minerals thus ſolid and hard, it is obvious that the air's moiſture 1s ci 
ble, when it meets with fitly diſpos'd bodies, to exerciſe a far gi 
force than is uſually imagin'd. 10 
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An : - 1 
de and part with the moiſture of the air, and that ſo as to ſhrink in rainy 


J Lus'd a rope, that was about twenty yards in length, but of no great thick 
es, to have one of its ends faſten'd to an immoveable body, at a conve- 
Went height from the ground, and a pully to be faſten'd to another ſtable 
Pody, at the diſtance of eighteen or twenty yards from the firſt, that the 
Pope reſting upon the pully, lay almoſt horizontally. But to the end of 
Hat part of the rope, which, from the pully, reach'd within two or three 
et of the ground, was faſten'd, by a ring, a leaden weight of fifty pound. 
To this was, alſo faſten'd a light index, placed horizontally, whoſe end 
Hoved along an erected board, which by tranſverſe lines was divided into 
ches and parts of inches, reaching a conſiderable way upwards and down- 
Sards, that the index might, within thoſe bounds, have room to play, ac- 
Sording to the alterations of the weather. 
It being now ſummer, we placed this apparatus in a garden, tho' pant- 
under a pent-houſe, that the rope might be more expoſed to the air, 
an it would have been within doors; and in two or three days, the 
eight had brought the rope to the utmoſt ſtretch that was able to give it: 
ter which, it began manifeſtly to ſhrink and lengthen, according to the 
Feather. So that once looking, over-night, upon the ſuſpended weight and 
Parking how low it reach'd upon the divided board; when I came again 
Me next morning, a great part of the night having been rainy, I found the 
rd ſo ſhrunk, that the weight was rais'd above five inches: yet the day 
Fowing dry and windy, and ſometimes warm, the weight had at night, 
Wetched the rope more than the moiſture had contracted it before. 
X Afterwards having procured a far greater weight, I ſubſtituted it in the 
Wace of the other; and having ſuffer'd it to ſtretch the rope as far as it 


th 
ler. 
Thick 
ores, 
dibl 
„odd 


fuel 


elpd uld, I regiſter*d ſome obſervations about it; two whereof I ſhall here 
yen u down. 

to ti June 4. At half an hour after nine at night, I look'd upon the hundred 
bing ght that hung at the bottom of the rope, the weather being then fair ; 


riolatt 
ercing 


| da mark being put at that part of the erected board, where the bottom 
che weight touch'd, I perceiv'd the sky a while after to be cloudy and 


y u Wercaſt, but without rain: wherefore going to view the weight again, I 
ſron), nd itinan hour and a quarter to have riſen a quarter of an inch or more. 
o ne 6. Yeſterday the weight was obſerved to reſt at the eleventh inch 
an the erected board. This morning about eight, I found it riſen abour 
; 2 f a quarter of an inch above the eighth; the morning being cloudy, tho? 
ali W ground very dry and duſty. The weather being overcaſt, within leſs 
d, in aan hour afterwards, ( ſome ſcatter'd drops of rain then beginning to 
nern )! found the weight riſen about half an inch above the eighth mark. 
re Hence 
110t100 0 | 
1s cap Dr. 7 in, to gain materials for an ex- weather, and to ſend in their accounts of 
crea r crological hiſtory, deſires the cu- it, annually, to the ſecretaries of the Royal 
2 ot al parts to keep a diary of the Society; where being compared with tho!y 
0 L. II. Dad d made 


An 


d thinking it probable, that ropes themſelves would conſiderably im- Sr Aris. 


Feather, tho? clogg'd with a weight faſten'd at the lower end; I firſt The chord- by- 
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Hence the force of the air's moiſture is not ſmall, ſince it could ry, 


hundred weight, tho' the chord 


third part of an inch. 


made by the order of that illuſtrious body, 


the reſult may be publiſh'd in their Tran(- 


actions. As ſuch a work, for its great Uſe- 
fulneſs, is higly deſirable, we ſhall here 


give the particulars, which the Doctor de- 


fires ſhould be principally inſerted in ſuch a 
Journal. 
And, 1ſt, he requeſts, that the heights of 
the barometer, thermometer,. and the ſtate 
of the hygroſcope, be obſerv'd, at leaſt once 
every day ; from what point of the com- 
paſs the wind blows, and with what force ; 


the appearance of the sky, and the quanti- 


ty of rain or ſnow, that fell ſince the pre- 
ceding obſervation was made. 

2. That in caſe of a ſtorm, its beginning, 
increaſe, height, decline, and ceffation, be 
accurately remark'd, with the preciſe times 


wherein each happen'd, and the heights 


of the barometer correſponding to thoſe 
times. 
3. That the common barometer, artifi- 


cially fflPd, be made choice of, the tube 


being + or + inch in diameter; and the 
veſſel containing the ſtagnant mercury, 8 
or 10 times wider than the tube. 

4. If a portable barometer be employ'd, 
the Doctor recommends thoſe of that excel- 
Jent artiſt Mr. Hauksbee, in Crane. Court, 
Fleetftreet ; who allo (ſays the Doctor) 


makes molt exquiſite thermometers. 


5. If any other thermometer be uſed, 
the Doctor deſires that its ſituation, ſtru- 
cture, ſcale, and the name of the perſon 
who made it, may be ſet down in the dia- 
ry ; and that this inftrument be placed in a 


room that looks north, where a fire is ſel - 


dom or never made. 


6. That they may be the better com- 


meaſured, in diameter, but about j, 


pared together, the Doctor farther dg 
that the firſt column may exhibit the h 
and hour of the obſervation, d gi. 
that the ſecond may ſhew the heigh , 
the mercury in the barometer, in inch 
of an Engliſh foot, and their decimal = 
that the third column may contain the4, 
gree and decimal parts of a degree (f 
ſpirit in the thermometer; that t j. 
fourth be aflign'd the wind, with i; 4 
grees of force, which may be expreſſed 
the figures 1, 2, 3, 4, and o fora pes 
calm. That the fifth may contain the x; 
pearance of the heavens, and a ſhor 4 
ſtory of the weather. That the lat ty 
give the height of the rain or ſnow gg 
| diffolved, which fell fince the preciy 
obſervation, in Exgliſb inches, and tis 
decimal parts. 

The quantity of rain, this very ln 
ed gentleman tells us, may be eifily ca 
puted by means of a funnel two or tis 
feet wide, ſet in a cloſe narrow-mout 
veſſel to receive the water falling u 
open place, and a cylindrical mealur 6 
vided into inches and decimal parts. k 
the diameter of the cylindrical na 
ſhould be 10 times leſs than that o t 
funnel ; whence an inch height of nz 
in the meaſure, will appear to have {it 
to the height of ++ inch upon thief 
nel; and ſo for other decimal put 0 
an inch. At the end of every mama 
year, the Doctor defires may be {ws 
the mean menſtrual and annual het 
the barometer and thermometer, is l 
wiſe the ſum of all the heights of tie 
that has fallen each month or year. * 
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D d d 2 Fire 


Experiment: 
to — that 

flame may in- 

corporate with 

folid bodies, ſo get out at, ſo that it could not be remov'd from its poſition, nor be ally 

as to increaſe 

their weight 


Fire and Flame 


Weigh'd in a 


EF# L 4&4 N CE 


SEL ©; I 


65 Piece of copper- plate, not near ſo thick as a half- crown, veg. 
ing two drams and 25 grains, being plac'd horizontally in 
crucible, whoſe bottom had a little hole in it for the fume 


made to drop down and loſe its level, tho? the crucible were turn'd uy 
ſide down, about an ounce and half of common ſulphur was put int: 
taller and broader crucible, and that wherein the copper ſtuck invntd 
into the orifice of it, that ſo the ſulphur being kindled the flame nig 
reach the plate, and have ſome vent beyond it at the hole above. nei 
tion'd ; the brimſtone burn'd about two hours, in which time it fem 
all to have been reſolv'd into flame, no flowers of ſulphur appearing d 
have ſublim*d into the inſide of the upper crucible ; and tho? the cop? ; for 
plate were at a conſiderable diſtance — the fir'd ſulphur, yet the a by om 
ſeem'd to have aclually penetrated it, and to have made it viſibly ſt: 
and grow thicker ; which appear'd to be done by a real acceſſion of (ub 
ſtance, ſince after we had wip'd off ſome little adhering /ordes, and vi 
them ſeveral particles of copper that ſtuck cloſe to them, the plate | 
found to weigh near 32 grains more than at firſt, and conſequently bi m of ir 
increas'd its former weight by above a fifth part. 3 
2. Having, by refining one ounce of ſterling ſilver with ſalt-petre, , rigs 
duc'd it to 7 drams, or ſomewhat leſs, we took a piece of it that weight 
58 grains, and ordering it as the copper-plate in the former exp® 
ment; after the flame of above an ounce and a quarter of fulp!® 
had for about an hour and half beat upon it, the ſilver plate eel 


Fire and Flame weigh d. 


m, five grains, and three quarters; which acquir'd weight falling ſo 
Fort of that gain'd by the copper, the difference may perhaps be attri- 
ed to the cloſeneſs and compactneſs of the ſilver, argu'd by its being 
avier in ſpecie than copper, or to the greater diſpoſition of the pores of 
Ppper to be wrought on by the fiery menſtruum “. 
Nor is it ſtrange that the particles of flame, which are either of a ſaline 
a piercing terreſtrial nature, being wedg'd into the pores, or being 
ought to adhere very faſt to the little parts of the bodies expos'd to their 
ion, the addition of ſo many little particles, that want not gravity, 
Pould, becauſe of their multitude, be conſiderable upon a balance, tho' 
few of them would have no viſible effect. 


en being taken out, we weigh'd the copper, which had not been melt- 
(having firſt blown off all the aſhes) and found it had gain'd 30 
Lins. 
4. We took an ounce of copper filings, and putting them upon a very 
llow crucible, and under a muffler, we kept them there for about 3 
urs; and afterwards taking them off, we found them of a very dark 
Nour, not melted, but cak'd together in one lump, and increas'd in 
ight (the aſhes and duſt being blown off) no leſs than 49 grains; part 
| which increaſe, above that obtain'd by the copper-plates, may proba- 
04 Wy be = — longer time that in this experiment the filings were 
pt in the fire. | | | 
all 5. We weigh'd out an ounce of ſmall lumps of hartſhorn, that had been 
rn'd till they appear'd white, and having put them into a crucible, and 
Wpt them in a cupelling furnace for 2 hours, we found when they were 
en out that they had loſt 6 or 7 grains of their former weight, per- 
ps becauſe the internal parts of ſome of them might not be exquiſitely 
cin'd, but retain'd ſome oleaginous, or other volatile ſubſtance z or be- 
Wc having omitted to burn them well before they were weigh'd, they 
We ht ſince their firſt calcination have imbib'd ſome moiſt particles of the 
for having kept them a while in the ſcale wherein they were weigh'd, 
Ey did within 2 or 3 hours make it preponderate. At the ſame time 
* th this hartſhorn we alſo put in one ounce of well- heated brick, and 
Pr that likewiſe in the furnace for above 2 hours, at the end of which, 


d wil 

ite M. My/chenbroeck counterpoizi | ; i 
| poizing a weight from the fire ; for the experiment 
ly hal * iron that weigh'd three — — — made in the open air, —— — metal 
cales which would turn with z grain, being expanded by heat, it is plain that 
re, I — heated the priſm red hot; when the ſpecific gravity of the heated metal 
0 0 =: It again by the ſame balance, he was decreas'd by the expanſion, ſo as to be 
velg und it exactly three pound; whence then lighter, with reſpect to the air. De 


expelt 4 Juſtly concludes, that it had gain'd in materia ſublili, p. 8, 9. 
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ne eye ſomewhat ſwell'd, and the lower ſurface of it next the flame STATI1cs. 
s brought to a great ſmoothneſs, the weight being increas'd to one. 


3. Into a very ſhallow crucible we put an ounce of copper- plates, and That fre may 
t it in a cupelling furnace, where it was kept for two hours; and % the fame. 
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Srarres, Weighing it whillt it continued hot, we did not find it to have cite: fn : 
YN) libly got or loft; but, ſome time after, it ſeem'd, upon the balance ohn Az 
imbibed a little moiſture from the air. | ons 
6. Upon a good cupel, we put an ounce of Engliſh tin, of the betty A 
ſort 3 and having placed it in the furnace, under a muffler, tho? f. Ih, 8 
ſently melted, yet it did not forſake its place, but remain upon the. - 
cave ſurface of the cupel, till, at the end of about two hours, it aper. 1 
to have been well calcin'd ; and then being taken out, and weigh'd HH 2 G 
ſelf, the ounce of metal was found to have gain'd no leſs than g! * 
dram. . | an 
7. An ounce of lead was put upon a cupel, made of calcined harthy: 55 
and placed under a muffler, after the cupel was firſt made hot, and iu allec 
weigh'd. This lead did not enter the cupel, but was turn'd into a kind: unel 
litharge on the top of it, and broke the cupel, whereby ſome part of th 44 0 
latter was loſt in the furnace; yet the reſt, together with the lithag jum 
weigh'd ſeven grains more than the lead and heated cupel, when tg 3 
were put in. | e 
8. We took a cupel about two ounces in weight, made of ten part be lil 
bone-aſhes, and one of charcoal-aſhes, mix*d together with ale. Th moſ] 
was, by itſelf, put in a cupelling furnace, under a muffler ; and vis ave 3 
*twas throughly and highly heated, we weigh'd it in that ſtate, Ti we | 
done, twas immediately again plac'd under the muMer, and kept in 13. 
for about two hours; at the end of which time, *twas taken out, 1. hen er 
hot, and preſently put into the ſame balance, as before; where hari om tl 
blown off the adhering aſhes, I found that, tho* when *twas firſt tir ad, a 
from under the muffler, we had but two ounces and two grains, yet znited 
the weight being put into the oppoſitie ſcale, it gain'd very near 21g ry ho 
And here note, that *twas not without ſome cauſe, that I weigh tie into t 


cupel red-hot: for I had a ſuſpicion, that notwithſtanding the dryneb t 
bone, it might receive ſome little alteration of weight, by imbibing 
moiſt particles wandering in the air; and accordingly, leaving the ca 
counterpois*d to cool in the balance, in a ſhort time it began ſeciiblyn 
preponderate; and ſuffering it to continue there for nine or ten noun, 
found it about three grains heavier than before. 

9. Steel being a metal that, as experience inform'd me, will very ell 
be wrought on by fluids of a faline nature, *twas reaſonable to c h 
that flame would have a greater operation on it, eſpecially if it were, ' 
fore-hand, reduced to ſmall parts, than on any of the bodies hithen0® 
ſcribed. And, accordingly, four drams of the filings of ſteel, being kf 
two hours on a cupel, under a muffler, acquired one dram, fix gras 
a quarter, increaſe of weight. 1 

10. A piece of refined ſilver, being put upon a cupel under a mm 
and kept there for an hour and a half, was taken out and weigh'd 3 
and as before it weigh'd three drams, thirty-two grains and a quart 


now weigh'd in the ſame ſcales, three drams, thirty-four grains ® 
half. _ | 
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We repeated the experiment with half an ounce of the filings of ſilver, STA T1cs. 


11 refin'd with lead, in our own laboratory, and kept them about three. 


ours upon the cupel ; when taking them out, we found them of a leſs 
pleaſant colour than before, and melted into a lump, which weigh'd four 
rams fix grains. 1 . ; 
11. We took a dram of the filings of zink, or ſpelter, and having put 
W: upon a cupel, under a muffler, we kept it there, in a cupelling fire, 
r about three hours; then taking it off, we found it to be caked into a 
rictle dark-colour'd lump, which look'd as if the filings had been calci- 
Fed. This being weigh'd in the ſame ſcales; gain'd full fix grains. 
12. Among our various trials, upon common metals, we thought fit to 
make one or two upon a metal brought us from the EZaſt- Indies, and there 
W:11led 7uicnag. Two drams of the failings of tutenag, being put upon a 
Wupcl, and kept under the muffler for about two hours, the filings were 
Wor melted into a lump of meta] ; but look'd as if powder*'d ceruſe and mi- 
Wium had been mix'd together; ſome of the parts appearing diſtinctly white, 
Wnd others red; the calx being put into the balance, appear'd to have 
in'd 28 5 grains. Another time, the experiment being repeated with 
De like circumſtances, we found that two drams of filed tutenag, gave 
W moſt the like increaſe of weight. So that this Indian metal, ſeems to 
ave acquir'd more in the fire, in proportion to its weight, than any we 
Wave hitherto made trial of. 
13. To confirm, by a clear experiment, that in all cupellations, the lead 
hen employ'd, does not, together with the baſer metals, to be purg'd off 
om the filver or gold, fly away in ſmoke ; we took two ounces of good 
ad, and one dram of filings of copper ; and having caus'd a cupel to be 
Wnited, and ſuddenly taken out of the furnace, and weigh'd whilſt *twas 
ry hot, we preſently put it back, together with the two metals laid on 
into the furnace: where, having been kept for about two hours, it 
is taken out again, and found to have nothing on the ſurface of it worth 
1ghing diſtinctly in the ſcales, wherein the cupel, with what was ſunk 
eo it, amounted to fourrounces, three drams, and eleven grains; which 
Wanced but nine grains of the whole weight of the cupel, and the two me- 
Ws, when they were, all three together, committed to the fire. So that 
Wo we make a liberal allowance for the increaſe of weight, that may, with 
y probability, be ſuppoſed to have been attain'd by the cupel, and 
hat was put upon it, yet it will eaſily be granted, that much the greater 
art of the metals, was not driven off in fumes, but enter'd into the ſub- 
ance of the cupel. | 
After having ſhewn, that either flame, or the analogous effluvia of the 
vill be incorporated with metals and minerals expoſed naked to 
action, I thought proper to try whether this flame, or igneous fluid, 
ere ſubtile enough to exerciſe any ſuch operation upon the like bodies, 


r from its immediate contact, by being included in cloſe veſ- 


14. We 
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STATICS, 14. We took an ounce of new filings of ſteel, and having ncluy Wa bs 


them betwixt two luted crucibles, kept them for two hours in a ſtrong * 

Even tho ihe fire, and ſuffer*d them to continue there till the fire went out; the cruc. ſed te 
e eee bles being unluted, the filings appear'd hard caked together, had accu, | cre 

. red a dark colour, ſomewhat between black and blue, and were Increaſ 1706 
5 five grains in weight. At another time, an ounce of filings of ſteel, bei "3 
put between two crucibles, in the ſame manner, after they had been key off 

about an hour and half in the fire, were taken out, and found to hn 1 

gain'd fix grains in weight. ; 2 nato 

15. We put two ounces of copper: plates into a new crucible, over vu Ke 

a leſſer was whelm' d, and luted the junctures; after the ſame manner, typ gkep 

ounces of tin were included betwixt crucibles; and alſo two ounces of let, hour; 

and all theſe being put into the cupelling furnace, were kept in a ſtray dif 

fire, for about an hour and a half; and then being taken out, the copper of th 

plates, tho? they ſtuck together, were not quite melted ; and feem'd, ſom 8 

of them, to have acquir'd ſcales, like copper put into a naked fire; and ed f 

two ounces had gain'd eight grains in weight. The lead had broke ti *. he 

the bottom of the crucible, and thereby hinder'd the deſign'd obſervatin, =FY 


The tin acquired fix grains in weight, and was, in part, brought toa pur 
white calx ; but much more of it was melted into a lump, of a fine ye 
low colour, almoſt like gold, but deeper. f g 
16. We took one ounce of very thin copper plates, and putting them: 
twixt two luted crucibles, we kept them in the cupelling furnace for abot 
three hours ; and then disjoining the veſſels, we found the metal cot 
with a dark and brittle ſubſtance; which, when ſcaled off, diſcloſed! 
finely colour'd metal, that, together with theſe burnt ſcales, amounts 
to twenty-one grains above the weight firſt put in. * 
17. We took a piece of fine block-tin, in weight half a pound z bh 
put into a choice glaſs-retort, and kept it for two days in a ſand _ 
which gave heat enough to keep the metal in fuſion, without on_ | 
glaſs : then taking out the mixture, we carefully weigh'd it in =_ 
ſcales, and found the ſuperficies a little atter*d, as if it were diſpokdt 
calcination; and the weight to be increaſed above two grains. 2 
And alſo aficr 18. We farther try*d how much ſome bodies would increaſe in _ t of 
they have been fire, when they had already been expoſed to the vehemence of it. - or 
talcined. of calx of tin, made per /e, being put in a new cupel, and kept _ b 
muffler for about two hours, was taken out hot, and put into the tn 
where the powder appear'd to have gain'd in weight, one ans 
five grains, by the operation of the fire ; which made it alſo took 
whiter than it did before. 
19. Out of a parcel of filings of ſteel, that had been before pal 
the fire, and had conſiderably increas'd its weight thereby; gr x 
ounce, and having expoſed them at the ſame time with the calx 0 > 
for the ſame time kept them in the fire, we took them out ay * 
hours end, and found the weight to be increaſed, two drams, . a 
grains. The filings were very hard caked together, and the lu + f 
broken, look'd almoſt like iron. 
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5. An ounce and four drams of copper, which had endured a violent Sr Aries. 
br an hour and half, being included betwixt two crucibles, and e. 
©d to a ſtrong fire for two hours, and ſuffer'd to continue there till 
; re went out, appear'd, thereby, to have gain'd ten grains in weight, 
. 1 to have, upon the ſuperficial parts of the plates, ſeveral dark. coloured 
es; ſome of which ſtuck to the metal; but more, upon handling it, 
"=; 5790! (4! 453 | | 7 
| If We took eight otinces of block-tin, which, being cut into bits, was 
tinto a good round vial, with a long neck ; and then warily held over 
Iick-coals, without touching them, till it was melted ; aſter which, it 
kept almoſt continually ſhaking, to promote the calcination, for near 
Whour; the metal being all the while in fuſion, and the glaſs kept at 
e diſtance from the coals. For the greateſt part of this time, the ori- 
of the vial was cover*d with a cap of paper, to keep theair, and ſteams 
the coals, from getting into the neck: the vial, being afterwards re- 
vod from the fire, was broken, and the metalline lump had a little darkiſh 
x, here and there, upon the upper ſurface; but much more beneath, 
ere it had been contiguous to the bottom of the glafs. Then putting all 
(carefully freed from little fragments of broken glaſs) into the ſame 
Dance, with the fame counterpoiſe I had uſed before, I found an increaſe 
eight, amounting to eighteen grains, which the tin had acquired by 
$ operation. | 
b2. We then ſeparated the calx ; and having melted the metal in a cru- 
le, that, by pouring it out, it might be reduced into thin plates, capa- 
W of being cut in pieces, and put into ſuch another vial as the former, 
W weigh'd it again, together with the reſerved calx, but found, that 
Wwithſtanding all our care, we had loſt three grains of the eighteen 
ed before. This done, we put the metal into another vial; which 
ing a topple of paper, to keep out fmoke and air, was held it 
je diſtance from the coals, only whilſt the. tin was melting; being 
rwards warily laid upon them, and kept there for two hours; àt the 
of which, it was again taken off, and the metal weigh'd with the ſame 
Interpoiſe, and balance, as before; and then it amounted to efghir 
- twenty-four grains; and had much more ſeparable calx, than at 
time. 8 | 3: | OSU e435 


4 or did I much wonder, that the weight ſhould be increafed, in this 
m operation, but nine grains, in two hours; and in the former twice as 
_ by, in half the time; ſince, during the two hours the glaſs was kept 


ne poſture: but, in the firſt operation; it was almoſt perpetually ſha- 
during the time it was kept in fuſion; for it is obſerved, that the 
ation of melted minerals, will much promote the effect of the fire 
n them, and conduce to their calcination, ON 

3- But to prevent all ſuſpicion of any increaſe of weight, in rhe me- 
ariſing from ſmoke, or ſaline particles, getting in at the mouth of the | 


Y 1 ' | 0 1 al ö 
pb | * | made the experiment in glaſſes, hermetically ſeated, as folfows. 
„ of good tin, carefully weigh'd, we hermericatly ſea upin 
. Eee 8 


a NEW 
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STATiIcs. a new ſmall retort, with a long neck, by which it was held in the handy 
a a charcoal fire, that kept the metal in fuſion ; being now and then ſil 
for almoſt half an hour; in which time, it ſeem'd to have acquir'g, ok 
ſurface, ſuch a dark colour, as argued a beginning calcination; and; 
both emitted fumes that played up and down, and alſo, aftorded tw, 
three drops of liquor, in the neck of the retort. The glals was, at lng 
laid on quick-coals, where the metal continued above a quarter q 
hour longer in fuſion 3 but, befote the time was come, that ] intended, def 
ſuffer it to cool, in order to its removal, it ſuddenly broke, into a gy 
multitude of pieces, and with a noiſe, like the report of a gun. hy 
neck we found ſome drops of a yellowiſh liquor, Which had an odioyy 
peculiar taſte ; its ſmell alſo, was very fetid, not unlike the diſtilled a 
fiſh. I 
24. Some tin, which had been before, partly calcined in a glafs, by 
melted again in a crucible, we weigh'd out juſt eight ounces, and tk 
we put into a bolt-head of white glaſs, with a neck above twenty ind 
long, which being hermetically ſealed, after the glaſs had been a wi 
kept over the fire leſt it ſhould break by the rarifaction of the air, «ff 
metal was kept in fufion for an hour and a quarter. Being unyily 
to venture the glaſs any longer, it was taken from the fire, and i 28. J 
grown cold, the ſealed end was broken off; but before I. could hart 
bottom cut out, I obſerved, that the upper furtace of the metal waz 
darkly colour'd, and very irregularly rough; and the lower part had 
tween the bottom, and the under fide of the lump, a pretty deal of li 
dark-colour'd calx, tho? the neighbouring ſurface, and ſome places 
Jump itſelf, look*d, by candle. light, of a golden colour. The lump a 
calx together, were weigh'd in the ſame ſcales carefully, when we fon 
the weight to have increaſed above twenty-three grains; tho? all e 
we could eaſily ſeparate, being, weigh'd by itſelf, amounted notteygit 
rains. 
N 25. Two ounces of filings. of tin, were carefully weigh'd, and put | two « 
a little retort, whoſe neck was afterwards drawn ſlendei to a very nul 
apex; then the glaſs was placed on kindled coals, which drove out ul 
at the ſmall orifice of the neck, for a pretty while. Aſterward 
glaſs, being ſealed up at the apex, was kept in the fire for above 
hours; and then being taken off, was broken at the ſame apex: WE 
upon I heard the external air ruſh in, becauſe, when the retort was {lb 
the air, within it, was highly rarified. Then the body of the glab® 
broken, the tin was taken our, conſiſting of a lump, about which ts 
appear'd ſome grey calx, and ſome very ſmall globules, which ſeemil 
have been filings melted into that form. The whole weigh'd two o 
and twelve grains. In the neck of the retort, where it was join d t 
body, there appear'd a yellowiſh, and clammy ſubſtance, thinly (ps 
which ſmelt almoſt like the fetid oil of tartar... | ; 
26. We took one ounce of the filings of Zink, carefully weight" 
having, as carefully, put them into a round bolt-glaſs, we cauſed thei 
a 
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* ſmoke to aſcend from the Zink, and get out at the unſtopt apex; 


| obſerv'd that the upper part of the glaſs was lined with a darkiſh 
ſublimate. The glaſs being dexterouſly cut aſunder, we took out, 
only the filings of Zink, ſome of which were melted into little glo- 


before, we found above five grains wanting of an ounce, 

W7. Having carefully weigh'd out four ounces of good lead cut into 
e pieces, I put them into a {mall retort with a long neck, wherein was 
rwards left only an orifice not much bigger than a pin's-head ; this 
ks was kept over and upon the coals for above two hours, and then ſup- 
ing the danger of the glaſs's breaking to be over, we ſeaPd it up at the 
e orifice, and kept it on the coals for two hours longer; before we 
dke the glaſs I perceiv'd the pieces of lead to have been melted into a 
p, whoſe ſurface was dark and rugged, and part of the metal to have 


Fly n turn'd into a dark- colour'd powder, or calx ; all this being taken 
lo of the retort, was weigh'd in the fame balance, whereon the lead ap- 
la rd to have gain'd by the operation ſomewhat above 13 grains. 

s. To ſhew that metals are not the only bodies capable of receiving 
et increaſe of weight from the fire, we ſeal'd up two drams of little bits 
Ny good red coral hermetically in a thin bubble of glaſs, and kept them 


ily at ſeveral times over and upon kindled coals ; and at length be- 
taken out, found them of a very dark colour, and to have gain'd in 
ght about three half grains. | 


e for choice experiments, and expoſed it, before the air had time to 
Ne it, upon the cupel, to a ſtrong fire, where it was kept for two hours, 


Wonably put into the balance, the lumps that weigh'd when expoſed 
two drams, amounted to two drams and 29 grains; hence it appears, 
t notwithſtanding a body may for many hours, or even for ſome days, 
W-xpoſcd to a very violent fire, yet it may be ſtill capable of admitting 
WE '<taining freſh corpuſcles ; ſo that tho? well made lime be uſually ob- 
d to be much lighter than the ſtones whereof it is made, yet the light- 
does not neceſſarily prove, that becauſe a burnt lime-ſtone has loft 

ch of its matter by the fire, it has therefore acquir'd no matter from 
fire; but only infers, that it has loſt far more than it has got; and 
may give ground to ſuſpect, that in moſt of the foregoing trials, the 
els of the fiery particles was greater than the balance diſcover'd ; ſince, 
ought we know, many of the leſs fix*d particles of the expoſed body 
pit be driven away by the vehemence of the heat, and conſequently the 
y corpuſcles that faſten'd themſelves to the remaining matter might be 
erous enough, not only to give the additional weight found by the 
les, but to make amends for all the fugitive particles that had been ex- 
d by the fire. And ſince ſo fix d a body as quick-lime is capable of 
Eee 2 being 


es, but the flores too; yet weighing all theſe in the ſame ſcales we had 


9. And having taken very ſtrong freſh quick. lime, provided on pur- 


und that it had increas'd in weight beyond my expectation; for being 


| de drawn out very ſlender, and then order'd it to be ſet upon quick STaTIcs, 
where being kept for four hours, there appear'd for great part of.. 
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STATICS.. being-wrought upon by the fiery effluvia, ſo that they come to be " 
WY were incorporated with it, perhaps in other calcin'd or incinerated bod 
the remaining calces or aſhes may retain more than the bare impreſq, 
the fire. By this experiment, and thoſe made in ſeal'd retorts, which f, 
that what is afforded by fire, may in a corporeal way invade, adhere, y 
add weight even to fix*d and ponderous bodies, there is a large field o 
ed for the ſpeculative to apply the diſcovery to many phenomena of 


ture and chymiſtry. | 
T. U. 
Glaſs fervieus O ohviate ſome ſcruples that might be entertain'd upon this cite 
— | ſtance of our experiments, that the glaſſes employ'd about da 


were not expoſed to the action of mere flame, but held upon charcoal 
attempted to make them ſucceed with a body fo thin, and diſengag'd iu 
groſs matter, as mere flame is allow'd to be. | 

1. Suppoling then that good common ſulphur, by reaſon of its ge 
inflammability, and the vehemency and penetrancy of its flame, woul( 
a very fit fewel for my purpoſe, I provided a ſmall double veſſel, ſo 
triv*d, that the one part ſhould contain as many coals as were neceſſir 
keep the ſulphur melted 3 and the other, which was much ſmaller, x 
ſhaped like a pan, ſhould contain the brimſtone requiſite for our tri 
and that theſe two ſhould be, with a convenient lute, fo join'd to one n 
ther, that all being cloſed at the top, except the orifice of the little n 
the fire and ſmoke of the coals having their vent another way, noin 
ſhould come at the retort to be employ'd, but the flame of the bung 
brimſtone; then two ounces of filings of tin being carefully weigh'dor 


and put into a glaſs retort provided for ſuch trials, and made ft 


eaſily ſeal'd up at the neck, the ſulphur, which ought to be of tit pt 


fort, was kindled, and the glaſs by degrees expoſed to it, where th 


tinu'd near to hours before the metal melted ; after which the retons 
there kept on near an hour and a half more, with the metal melted nt 
then perceiving a pretty deal of darkiſh calx at the bottom, and pu 


too upon the ſurface of the far greater portion of the metal, which\ 


lay in one lump, the part of the retort which had been ſeal'd being 


ken off, we firſt took out the calx, and next the lump, and putting it 
into the ſcales they had been formerly weigh'd in, we found them io 
acquired four grains and a half. The experiment was afterwards t 
ed with the ſame quantity of filings of the ſame metal, and at the ct 
the operation, which in all laſted ſomewhat above three hours, hit 


broken off the ſeal'd neck of the retort, we found that a large prope 


of dark-colour'd calx had been produc'd ; and this being weigh" 


the uncalcin'd part of the metal, the two ounces we firſt put in appear 
have-acquired no leſs than eleven and a half, 
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Joo ſceptical. But, conſidering that tho? it were very improbable, yet 
X01, that the increaſe of weight acquired by bodies expoſed in glaſs 
W .7-1s to the fire, might proceed not from the corpuſcles of fire, but 
om the particles of glaſs itſelf, looſened by the power of ſo intenſe an 
eat, and forcibly driven into the incloſed body; I took two glaſſes, 
The one ſhaped into a little retort, and having weigh'd them, kept them 
Vor a conſiderable time upon kindled coals, and then weigh'd them again, 
could gather little of certainty from the experiment ; (the retort at 
ne time ſeeming to have acquired above half a grain in the fire } only 
hat there was no likelihood at all, ſo conſiderable an increaſe of weight, 
ve ſeveral times obtained in cloſed veſſels, ſhould proceed from the 
laſs itſelf, and not from the fire. * | 
2. We carefully weighed out an ounce of the filings of block-tin, and 
Hut them into a glaſs retort, whoſe neck was afterwards drawn out ſlen- 
Her; we alſo provided ſuch a convenient metalline lamp, that the flame of 
Whe ſpirit burnt in it, might not melt or crack the glaſs. This lamp, tho? 
Wurniſh'd with a cotton wieck, afforded no ſoot ; becauſe, as long as it 
vas well ſupplied with liquor, it remain'd unburnt. Theſe things being 
readineſs, the retort was warily approached to the flame, and the metal 
Fhereby in a ſhort time melted. After which, the glaſs being kept expo- 
d to the ſame flame, for near two hours, the ſeaPd apex of the retort was 
broken off; when there appear'd to have been produced a conſiderable 
WW vantity of calx, that lay looſe about the remaining part of the tin, which 
pon its growing cold was harden'd into a lump. This and the calx be- 
ng taken out of the retort, with care, that no little fragment of glaſs ſhould 
mpoſe upon us, it was weigh'd in the ſame ſcales as formerly, and found to 
Wave gain'd 41 grains, beſides the duſt that ſtuck to the inſide of the re- 
rt, of which we reckon'd enough to make about half a grain more: ſo 
at of ſuch a fine and pure flame as of this totally ardent ſpirit, enough 
amount to the five grains was arreſted, and, in good meaſure, fixed, 
dy its operation on the tin. 
23. For confirmation of the laſt experiment, wherein we had employed 
he inflammable ſpirit of ſugar, we made the like with highly rectified 
pirit of wine; only ſubſtituting an ounce of lead inſtead of one of tin The 
ent was, that after the metal had been, for above two hours, kept in 
Wc flame, the ſeal'd neck of the retort being broken off, the external air 
WF uſl'd in with noiſe; and we found above ſeven ſcruples of lead turned into 
| greyiſh calx; which, together with the reſt of the metal, being weigh'd 
aan, Ix grains appear'd to be gain'd by the operation. Theſe ſeven 
auples of calx being weighed in air and water, I found, that tho' the ab- 
te gravity of che metal had been increaſed by the particles of flame 
Which ſtuck taſt to it; yet this aggregate of lead, and extinguiſhed flame, 
ad loſt much of its ſpecific gravity: for lead is to water of the ſame bulk, 


Is about 11 5 to 1; whilſt this ſubtile calx of lead was to water of the ſame 
Pulk, but as to 9 to 1. Now 


. 
4 

„ 
1 


Such ſuperſtructures may, poſſibly, in time, be built on this and the STATICSs. 
xe experiments, that I ſhall here obviate even a ſcruple, which appear N. 
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STATICcs, Now whence can this increaſe of abſolute weight, obſerv'd in then, 
V tals expoſed to the mere flame, be deduced, but from ſome ponderoy; pam 

— 3 fil of the flame? And how could theſe parts invade thoſe of the meta] 1.1 
covery. cloſed in a glaſs, otherwiſe than by paſſing thro? the pores of that glajy : 
But I do not, by theſe experiments, pretend to make out the porgſy | 
of glaſs, any farther than with regard to ſome of the ponderable part 

flame; for, otherwiſe, glaſs is not eaſily penetrable. 
That flamemay U pon the whole, it appears, 1ſt, That flame may be a menſtruum, a 
a# as a nen- work on ſome bodies, not only by making a notable comminurion, andgi 
firuum, and pation of their parts, but, alſo, by a coalition of its own particles with thy 
n= _ ue ok the fretted body; and thereby permanently add ſubſtance and weizh 
it works an. «thereto. Nor is it repugnant to flame's being a menſtruum, that in or 
experiment, the lead and tin expoſed to it, were but reduced to pod 
and not diſſolved in the form of a liquor, and kept in that ſtate. Forh 
ſides that the interpoſed glaſs hinder*d the igneous particles from geti 
thro? in plenty enough, tis not neceſſary that all menſtrua ſhould be fu 
ſolvents. For whether it be, that the menſtrua we think ſimple, may 


compounded of very different parts, whereof one may precipitate what 
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diſſolved by the other, or for ſome other cauſe; it is certain, that ſon ine, 
.menſtrua corrode metals and other bodies, without keeping any conſid: f me 
rable part diſſolved ; as may be ſeen if you put tin to a certain quantity 3d] 


Aqua fortis, which will, in a very ſhort time, reduce it, almoſt totally, i 
very white ſubſtance, that, when dry, is a kind of calx. And ſo, with 
due proportion of oil of vitriol, abſtracted from quick-filver, by a ſtrong fr, 
we have ſeveral times reduced the main body of the mercury into a whit 
powder, whereof but an inconſiderable part was diſſoluble in water, Ani 
ſuch a white calx I have had, by the action of another fretting liquor oi 
a body not metalline. But whether, as it ſeems probable, it be frontie 
vehement agitation of the permeating particles of flame, that violentlyzu t 1! 
aſunder the metalline corpuſcles ; or, from the nature of the igneous m- at 
ſtruum, which being, as *twere, ſtrain'd thro” glaſs itſelf, muſt be ſtrang che 
minute; tis worth obſerving how ſmall a proportion, in point of weight, eat] 
of the additional adhering body, may ſerve to corrode a metal, in comp Bur 
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Tiſon of the quantity of vulgar menſtrua requiſite for that purpoſe. Fo, a all p 

tho? we are oblig*d to employ, to make the ſolution of crude lead, ſever U ht 

times its weight of ſpirit of vinegar, or a large proportion of Aua f four 

twas obſerv*d in our experiment, that tho? the Jead was increaſed but h F the 

grains in weight, yet above a hundred and twenty of it were fretted i her ſi 

powder; ſo that the corroſive body appear'd to be but about the twentit ly di: 

part of the corroded, ntly.; 

That calces of 2dly, Another conſequence deducible from our diſcovery of the pM * 
metals are the viouſneſs of glaſs to flame, may be this, that there is cauſe to quelti s 
2 ies of the truth of what is generally taken for granted about calcination ; . » pr. 
8 particularly of the notion that chymiſts have entertain'd about the cab de 
of metals and minerals. For it does not appear, by our trials, that a ce, a 


d calc 


1 


proportion, worth regarding, of moiſt and ſugitive parts, was expellt 
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ne calcination; but it appears very plainly, that, by this operation, the ST aTics. 
Noetals gain'd more weight than they loſt: ſo that the main body of the YL 
Wt] remain'd entire, and was far from being either elementary earth, 

ra compound of earth and fix'd ſalt. From which very erroneous hy- 

W chefs, the chymiſts infer the ſweet vitriol of lead, which they call Sac- 

WE; 174m Saturni, to be but the ſweet falr of it, extracted only by the ſpirit 

Wt vinegar, which does indeed plentifully concur to compoſe it. Whence, 

conclude, that the calx of a metal, even made per /e, that is, by fire 

lone, may be, at leaſt in ſome caſes, not the Caput mortuum, or Terra 
W:mnata, but a magiſtery of it. For, in the ſenſe of the molt intelligible 

Pf the chymical writers, that is properly a magiſtery wherein the principles 

re not ſeparated ; but the bulk of the body being preſerved, it acquires 

new and convenient form, by the addition of the menſtruum, or ſolvent, 
Wmploy'd about the preparation. Befides, I have ſeveral times from the 

Wa1x of lead reduced actual lead. And having once taken but about a. 

Whird or fourth part of the calx of lead, produced by the flame of ſpi- 

Wit of wine, I ound, that without any flux powder, or other addition, 

Put merely by the application of the flame of highly rectify'd ſpirit of 

Pine, there would, in a ſhort time, be obtain'd a conſiderable proportion 

f malleable lead; whereof the part I examin'd was truly ſo. 

3dly, One uſe, among the reſt, we may make of the foregoing diſco The een of 


ry, regards a Controverſy among the corpuſcular. phi ; fireupon bodies, 
y, reg y g puſcular philoſophers. Fo! er 2 PEW ug 


m me of them think, that when bodies are expoſed in cloſe veſſels: to the r ,23,1; > 
re, tho? the igneous corpuſcles do not ſtay with the bodies they invade ; ing 1 the agi- 
hip et they really get throꝰ the pores of the interpoſed veſſels, and permeate. tion of the 
And e included bodies in their paſſage upwards; whilſt others will not allow 


e igneous corpuſcles, which they take to be but vehemently agitated par- 
les of terreſtrial matter, to penetrate ſuch minute pores as thoſe of glaſs; 
t ſuppoſe the operation of the fire to be pertorm*d by the vehement 
itation made of the ſmall parts of the glaſs, and by them propagated 
dhe included bodies; whoſe particles, by this violent commotion, are 
eatly alter'd. 


Bur tho? it be probable, that the briſk agitation communicated by the 


my 

10 Hall parts of the glaſs to thoſe of the body contain'd in it, may contribute 
vel Puch to the effect of the fire; and tho', by the ſmall increaſe of weight 
e found in our expoſed metals, 'tis very likely that far the greater part 
u the flame was excluded by the cloſe texture of the glaſs; yet, on the 
1 ins ber fide, tis plain, that igneous par: icles paſs'd thro? the glaſs, and not 


nit) ly di: ided and agitated the included bodies, but manifeſtly and perma- 
Wntly adhered to them. 


e p. Shy, We receive this further information from our experiments, that Particles ex- 
reſto dies very ſpirituous, fugitive, and minute, may, by being aſſociated % vole 

ich pro icle 5 : . tile may by aſ- 
oper particles, tho? of quite another nature, ſo change their former fisting 15h 
calc alities, as to be arreſted by a ſolid and ponderous body, to that de- others,quite/o/e 
at an) 7 as not to be driven away from it by a fire intenſe enough to melt #heir volatili- 
ll'd calcine metals. For the foregoing trials ſeem plainly to diſcover, 9. 

— that 
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STATICs. that even the agitated parts of lame, minute enough to paſs through y 
A pores of glaſs itſelf, were ſome way entangled among the metal line pn 
ticles of tin and lead; and thereby brought to be ſo fix'd, as to endurꝶ 
heat that kept thoſe metals in fuſion, and gradually reduced them y 
calces: a phenomenon that one would not eaſily look for; ef] pecially en 


a vapour, fume, or exhalation, heated 
„„ red hot; that is, ſo hot as to ſhine? 


n ting a copious fume; and this fume burns 
** in the flame. The Ignis fatuns is a vapour, 


ſidering how ſimple a texture that of lead or tin may be, in compari if 
of the more elaborate ſtructures of many other bodies. 


And this Phem 


menon, which ſhews us what light and fugitive particles of matter ny 
permanently concur to the compoſition of ponderous and fix*d bodies i 
perhaps, afford uſeful hints to the ſpeculative; eſpecially, if this tj 
combination of a ſpirituous and fugitive ſubſtance with ſuch as being gu 
and unweildy, are leſs fit than organized matter to entangle or det 
them, be apply'd, as it may be, with advantage, to thoſe aggregate 
ſpirituous corpuſcles, and organical parts, that make up the bodies 
plants and animals. And this hint may ſuggeſt a conſiderable inference 
be drawn from the operation of the ſun-beams on appropriated ſubjz6; 
ſuppoſing it to prove like that of flame on tin and lead.* 


* The following queries of Sir //aac New- | 
ton, give us the beſt light we have into 
the nature of fire and flame. *©* Is not,” 
ſays that great Philoſopher, “ fire a body, 
heated ſo hot, as to emit light copiouſ- 
% ly? For what elſe is a red-hot iron 
than fire? And what elſe is a burning 
* coal than red hot wood? Is not flame 


«©. For bodies do not flame without emit- 


« ſhining without heat: and is there not 
<* the fame difference between this vapour 
« and flame, as between rotten wood, 
* ſhining without heat, and burning coals 
„of fire? In diſiilling hot ſpirits, if the 
«© head of the ſtill be taken off, the vapour 
„ which aſcends out of the ſtill will take 
fire at the flame of a candle and turn 
« into flame; and the flame will run a- 
long the vapour, ftom the candle to the 
* ſtill, Some bodies, heated by motion 
or fermentation, if the heat grow in- 
tenſe, fume copiouſly; and if the heat 
«© be great enough, the fumes will ſhine, 
© and become flame. Metals, in fuſion, 
do not flame for want of a copious 
„ fume. Salt petre fumes copiouſly, and 
thereby flames. All flaming bodies, as 


oil, tallow, wax, wood, foſſil, coals, pitch, 


and ſulphur, by flaming waſte, and vaniſh | 


“into burning ſmoke; which ſmake, if 
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the flame be put out, is very thick, a: 
viſible ; and ſometimes ſmells ſtrong 
but, in the flame, it loſes its ſmell, 
burning: and, according to the num 
of the ſmoke, the flame is of ſever» 
lours; as that of ſulphur, blue; thitd 
copper, open'd with fublimate, gre; 
that of tallow, yellow; that of camplir 
white. Smoke paſſing thro' flame, a 
not but grow red-hot; and, «it 
ſmoke, can have no other appearace 
than that of flame. When gut- pe 
takes fire, it goes away into faniy 
ſmoke. For the charcoal and ir, 
eaſily take fire, and ſet fire t tit 
nitre; and the ſpirit of the nitre btn} 
thereby rarify'd into vapour, ruſhes ou. 
with exploſion, much after the mnt! 
that the vapour of water ruſhes out 
an zolipile; the ſulphur, alſo, being ie 
latile, is converted into vapour, i 
augments the exploſion. And the r. 
vapour of the ſulphur, namely, dh 


- which diſtils under a glaſs- bell, into ® 
of ſulphur, entering violently into ® 
fixed body of the nitre, ſets looſe l 


46 


ſpirit of the nitre, and excites 2 8® 


fermentation, whereby the beit 67 
ther augmented, and the fixed body © 


the nitre is alſo rarified into fun 
and the exploſion is, thereby, 75 
more vehement, and quick. For, 1 


of tartar be mixed with gun pon 
and the mixture be warm'd til i 7 


are n 
earth. 
conſe 
and t. 
tweer 
emit ; 
fumin 
but, 2 
of tl 


them 


them, 


Vo! 


Fre, the exploſion will be more violent, 
and quick, than that of gun-powder a- 
lone; which cannot proceed from any 
other cauſe, than the action of the va- 
pour of the gun-powder upon the ſalt 
of tartar, whereby the ſalt is rarified. 
The exploſion of gun-powder ariſes, 
W therefore, from the violent action : 
»s whereby all the mixture, being quickly 
and vehemently heated, is rarified, and 
W converted into fume and vapour; which 
vapour, by the violence 0 that action, 
becoming ſo hot as to ſnine, appears in 
the form of flame.“ a 

The following query is ſo beautiful, and 
dens ſuch a glorious ſcene, that I ſhould 
tempted to add it, tho' it bore a leſs re- 
jon than it does, to the preſent ſubject. 
bo not“ continues the ſame great au- 
Wor, large bodies conſerve their heat the 
W longeſt ; their parts heating one ano- 
ther ? And may not a great, denſe, and 
fixed body, when heated beyond a cer- 
tain degree, emit light ſo copiouſly, as, 
by the emiſſion, and re- action of its light, 
and the reflexions, and refractions of its 
rays, within its pores, to grow {till hot- 
ter, till it comes to a certain period of 
heat ; ſuch as is that of the ſun? And 
are not the ſun, and fixed ſtars, great 
earths, vehemently hot; whoſe heat is 
conſerved by the greatneſs of the bodies, 
and the mutual action, and re- action be- 
tween them, and the light which they 
emit; and whoſe parts are kept from 
ſuming away, not only by their fixity, 
but, alſo, by the vaſt weight and denſity 
of the atmoſpheres, incumbent upon 
them; and very ſtrongly compreſſing 
them, and condenſing the vapours and 
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exhalations which ariſe from them? For & ATS 
it water be made warm, in any pellucid I 
veſſel emptied of air, that water, in the — 
vacuum, will bubble and boil, as vehe- 
mently as it would in the open air, in a 
veſſe] ſet upon the fire, till it conceives 
a much greater heat. For the weight of 
the incumbent atmoſphere, keeps down 
the vapours, and hinders the water from 
boiling, till it grow much hotter than 
is requiſite to make it boil in vacuo. 
Alſo, a mixture of tin and lead, being 
put upon a red-hot iron, in vacuo, emits 
a fume and flame; but the ſame mix- 
ture, in the open air, by reaſon of the 
incumbent atmoſphere,does not ſo much 
as emit any fume, which can be percei- 
ved by ſight. In like manner, the great 
weight of the atmoſphere, which lies 
upon the globe of the ſun, may hinder 
bodies there from riſing up, and going 
away from the ſun, in the form of va- 
pours, and fumes, unleſs by means of a 
far greater heat than that which, on the 
ſurface of our earth, would very eaſily 
turn them into vapours and fumes. And 
the ſame great weight may condenſe 
thoſe vapours, and exhalations, as ſoon 
as they ſhall, at any time, begin to aſ- 
cend from the ſun, and make them pre- 
ſently fall back again into him ; and, by 
that action, increaſe his heat, much after 
the ſame manner that, on our earth, the 
air increaſes the heat of a culinary fire. 
And the ſame weight may hinder the 


globe of the ſun from being diminiſh'd ; 


unleſs by the emiſſion of light, and a 
very ſmall quantity of vapours and exha- 
lations. Nezoton. Optic. p. 316,319. 
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= Nematics is that part of univerſal philoſophy, which confiders the proper- 
+ ties, the uſe, wu; effetts of the air; the fluid we breathe, and which is 
Miutely neceſſary to maintain the life of animals. 1 
WT his is a ſubjeft, therefore, that cannot but be highly uſcful to inquire into: 
herein Mr. Boyle appears to have exerciſed himſelf more than any philoſo- 
before bis time or ſiure. Indeed, the antients had no notion of this part 
| loo phy; and ſeem to haue never dream*d of an engine wherewithto draw the 
om veſſels, and prevent its return into them. Otto Gueric, the famous 
alf Magdeburg, firſt, unleſs we except Friar Bacon, hit upon an expedient. 
Wo it; and from a hint of this it was, that Mr. Boyle, improving on the 
Wor of the conſul, originally contrived his air-pump : a machine, to which we are 
ted for the ſolution of many phenomena in nature; and momentous diſcoveries: 
be fluid, which of all external ones, ſeems to be the moſt familiar and uſeful to 
Annan of an ordinary capacity, poſſeſs*d of ſuch an engine as this, would have 
WW perplexed to know what uſe to make of it , but ſuch a genius as Mr. Boyle, 
4 not but apply it to noble and ſerviceable purpoſes. In veſſels of glaſs, em- 
air by its means, be ſoon included à great variety of proper ſubjects, one 
Wer another ; of which he bad before-band wrote dawn a dong catalogue. And 
is engine was at firſt imperfef?, but afterwards received conſiderable im- 
ns, at different times, I am induced to let all abe experiments made 
a :/ by Mr. Boyle, fand in the order whergin be worale them, rather than 
e bem under ſeveral,heads. For thus they give ibe hiſtory of the air-pump 
i improvements ſrom'time an tim: bus if Ihe other method had been taken, 
advantage of theſe ex fNanezite muſt bawe heen-dat in their hiſtorical capacity 
b world prove a greats inemiirnience than | i feeayi g diſorder wherein they 
Mw 2 : eſpecially conſidem «bat thigruay a be remedied, by means of 
dex. R 


erous are the experiments made by Mr. Boyle, with this engine; but ſtill 
un be ſomething left for future philoſophers to do with it, beſides repeating, 
, and confirming bis trials. The air- pump, as lis now made, has many 
ges over even the beſt which was employ'd by Mr. Boyle: it is ſo much 
Vanageable, commodious, and exact, ( eſpecially as in proved by that excellen! 
Fe, Mr. Hauk ſbee) its apparatus is ſo well ſuiled for all exigencies of 
Pp ments ; and the whole comes on ſuch eaſy terms, in compariſon of what it 
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coſt our generous philoſopher, that if it were only to be witneſs of the ſurprizin it 
coveries he made with it, *tis pity any well-wiſher to philoſophy ſhould be ui in 
it. | 
But were this inſtrument in more general uſe; and would men of inveyiyy ; 
themſelves to contrive new experiments for it, who knows what farther lik i 
might afford us; and in producing how many other effects of nature, the giry) 
appear to be concern d? The late Mr. Haukſbee made ſeveral experiment; ai 
it, which, . Mr. Boy le himſelf never thought of ; tho" be evidenti;cy, 
irtved a large number ; which, for want of a fit opportunity, convenient glaſſy; u 
other apparatus, he could never ſee the event of. The ſubject, therefore, 9 
pears far from being exhauſted : the air pump is a fruitful engine, and ſux 
tied to examine almoſt all the 2 of nature: and there are my 
things in philoſophy that cannot be done without it. Tas this which lately qui] 
a new field of Knowledge, and greatly aſſiſted Mr. Boyle to introduce er mu 
the mechanical philoſophy 3 this evidently help'd do overthrow the dotrine if i 
ture's dread of a Vacuum, by which the modiſh philoſophy of his time, falſtha: 
counted for abundance of phenomena; to this is owing the greateſt part if th, 
noble experiments, which appear under the following head of Pneumatics; ay 
Taftly, to this wwe owe ſome ſurprizing diſcoveries of Sir Iſaac Newton, au. 
great bare of the preſent ſyſtem of philoſophy, 
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| Phyſico-mechanical 


EXPERIMENTS. 
tl f To ſhew the 


Spring and Effects of the A I R. 


SECT. I 


HE air is ſo neceſſary to life, that moſt creatures which De origin of 
breathe cannot ſubſiſt for many minutes without it; and moſt %e air pump. 
of the natural bodies we deal with, being, as well as our own, 
oſt perpetually contiguous to it, the alterations thereof have a ma- 
feſt ſhare in many obvious effects, and particularly in diſtempers; 
Werefore a farther inquiry into the nature of this fluid, will. probably 
w, that it concurs to exhibit abundance of phenomena, wherein it has 
herto ſeem'd little concern'd. Sa that a true account of any new ex- 
iment, upon a thing whereof we have ſuch a conſtant and neceſſary 
may prove advantageous to human life. | | 
ith this view, before ever I. was inform'd that Otto Gueric, the in- 
ious conſul of Magdeburg, had practiſed a way in Germany of emp- 
Wing glaſs veſſels of the air, I had made experiments on. the ſame 
Wundation.; but as that gentleman firſt produced conſiderable effects 
this means, I acknowledge the aſſiſtance and encouragement which 
report of his performances afforded me. | 
hut as few inventions happen to be compleat at the firſt, ſo the engine 
ploy'd by the conſul, ſeem'd very defective in its contrivance; whence 
WW. little more could be expected from it, than thoſe very few pheno- 
na obſerved. by the author, and related by Schottus.. I therefore put 
Hock upon contriving an air-pump, more manageable and convenient, 
t might not, like the German-engine, require to be kept under. water; 
© after ſome unſucceſsful attempts, he fitted me with one, conſiſting af 
Pr ncipal parts, a glaſs veſſel, and a pump to evacuate the air. 


The 
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Pxzvwarres The firſt is a glaſs A, with a large mouth, a cover thereto, and a 
Fe. 30. cock fitted to the neck below. T his would contain 3o quarts of Water 
The air-purmp B C, the mouth of it, is about four inches in diameter, and ſurrounded yi 
«;/erited. a glaſs lip, almoſt an inch high, for the cover to reſt on; wherein DE, 
braſs ring, to cover, and be cemented on to the lip BC. To the intcng 
orifice of this ring, a glaſs ſtopple is fitted, to keep out the external 
In the middle of this cover is a hole HI, half an inch in diameter, p 
circled with a ring, or ſocket ; to which is adapted a braſs ſtoppk| 
to be turned round, without admiting the leaſt air. In the lowerg 
of this, is a hole 8, to admit a firing, 8,9, 10; which alſo paſſes thy 
a ſmall braſs ring L, fixed to the bottom of the ſtopple F G, to mp 
what is contained in the exhauſted veſſel, or receiver. That the fig 
cock N, in the firſt figure, might perfectly exclude the air, we faſten 
a thin tin-plate, MT VW, to the ſhank of the cock X, al alay 
the neck of the receiver, with a cement made of pitch, roſin, ul 
 wood-aſhes, poured hot into the cavity of the plate; and to pm 
the cement from running: in at the orifice Z, of the ſhank X, itn 
ſtopt with a cork fixed to a ſtring, that it might be drawn a 
at the upper orifice of the receiver; and then the neck of the 
being made warm, was preſſed into the cement, which thus filled i 
interſtices betwixt the tin-plate and the receiver, and betwixt the ai 
and the ſhank of the cock. | h 

The lower part of our engine conſiſts of a ſucking-pump, ſupport 
a wooden frame, with three legs 111, ſo contrived, that, for theſe 
motion of the hand, one ſide of it may ſtand perpendicular; and ac 
middle of the frame we nail'd a piece of board 222, to which the prinapu 
part of the pump is fixed. The pump conſiſts of an exact ſtrong c 
cylinder of braſs, fourteen inches long, its cavity three inches n d- 
meter; to which a ſucker, 4455, is adapted, made up of two part; WM 
of which 24, is leſs in diameter than the cavity of the cy linder, withatl 
piece of tann'd leather nailed on it, whereby it excludes the air, 
other part, a thick iron plate 53, is firmly joined to the middle d i 
former, and is a little longer than the cylinder; one edge of it 
ſmooth, and the other indented, to receive the teeth of a ſmall iron 
« þ y, fixed by two ſtaples to the underſide of the board nailed a-cro 
on which the cylinder ftands; and is turned by the handle 7. 

The laſt part of the pump is the valve R, a hole at the top of thee 
der, and taper ier the cavity; to this is fitted a braſs- plug, 
taken out as occaſion requires. The engine being thus contriv 
oil mult be pour'd in at the top of the receiver upon the ſtop-cock, 01 
up the interſtices of its parts, and that the key S, may turn with thegh 
er caſe. A quantity of oil, alſo, muſt be left in the cylinder, to pn 
the air from getting betwixt that and the ſucker; for the like 1a 
ſome muſt, likewiſe, be applied to the valve. 

And here it is proper to obſerve, that when we uſed oil, or water K 
rately, for this purpoſe, and they have not anſwered the end, 4 f 
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The air-pump has receiv'd great im- 
vements fince the time of Mr. Boyle, and 
us brought to its utmoſt degree of ſim- 
ity and perfection, by the late, and the 
fent Mr. Hauksbee. This inſtrument, as tis 

now made, by Mr. Hauksbee, con- 


31. ſiſts of two braſs-cylinders, a 4 4 4, 


Ive inches high, and two their internal 


reſſed, by turning the winch 45, back- 
d and forward. This winch is faſten'd 


ple pins ſerve for cogs, laying hold of 
teeth of the racks cc cc; ſo that one is 
eſſed, and the other elevated recipro- 
. By this means the valves, * of 
r bladder, and fix'd on the upper 
of each embolus, and at the bottom 
e cylinders, mutually exhauſt and diſ- 
pe the ſame air from the receiver : 
h becoming nearly empty, the preſ- 
of the external air on the deſcending 
dlus is ſo great, that the power re- 
d to raiſe the other, need but little 
lount the friction of the moving parts; 
nee this pump becomes preferable to 
hers. The bottoms of the barrels lie 
braſs diſh 4 d, its ſides two inches 
z Containing water to keep the lea- 
collars, on which the cylinders ſtand, 
whereby the air is precluded. The 
vers are ſcrew'd hereon by the nuts 
» Which force the frontiſpiece / 
| Upon them; thro' which paſs the 
pars £8 gg. Each pillar has an iron 


eter. The emboli are raiſed, and - 


| ſpindle, paſſing through a lanthorn, 
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the two has afterwards proved effeCtual. And, that the air may not P ee 
rer betwixt the braſs-cover and the ring, *twill be convenient to lay 
ie diachylon-plaiſter on their edges with a hot iron. That noair, alſo, 
ay remain in the upper part of the cylinder, the handle is to be turn'd 
the ſucker riſes to the top; and then, the valve being ſhut, it is to be 
lun down to the bottom; by which means, the air being driven out of 
> cylinder, and a ſucceſſion from without prevented, the cavity of the 
linder muſt be empty of air; ſo that when the ſtop-cock is turn'd to 
ard a communication betwixt the receiver and the cylinder, part of the 
before lodg'd in the receiver, will be drawn down into the cylinder; 
ich by turning back the key, is kept from entering the receiver again, 
d may, by unſtopping the valve, and forcing up the ſucker, be driven 
o the open air; and fo, by repeated exſuctions out of the receiver, and 
pulſions out of the cylinder, the veſſel may be exhauſted as the experi- 


1. Upon 


belonging to it, paſſing from them in the 
form of a ſwan's neck gg; theſe irons 
being faltened to the hind part of the 
frame, to- prevent their ſhaking. Between 
the two barrels, riſes a hollow braſs wire 
h h h h, communicating with each of them, 
by means of a perforated piece of braſs, 


lying horizontally from one to the other. 


The upper end of this wire is faſten'd to 


another piece of perforated braſs, ſcrew'd 


on below the plate iii, which is ten 
inches over; having a braſs-rim ſolder'd 
on it, that it may contain water. Be- 
tween the middle and the fide of this 
plate, riſes a ſmall pipe , about an inch 
and half high, thro' which, into the hol- 
low wire, paſſes all the air into the bar- 
rels from the receiver. Upon the plate of 
the pump is always laid a wet leather, 
for the receivers to ſtand on. This leather 


prevents the air's getting into the glaſles, 


whoſe edges are ground true ; and ſerves 
for this purpoſe vaſtly beyond any cement 
whatever. Another excellence in this 
pump, is the gage 111 , a glaſs tube about 
thirty-four inches long, ſo placed, that it 
cannot eaſily be damaged, or prove in- 
convenient. Its lower orifice is immerſed 
in a glaſs of quick- ſilver zz m5; on the ſurface 
whereof is a perforated piece of cork for 
the tube to paſs thro'. On this cork is 
laced a board of box- wood, about an inch 
in breadth, and grooved in the middle 
to receive the tube, which is looped on 
thereto, that it may riſe and fall as 


G2 g the 
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PxzunaTics 1, Upon drawing down the ſucker of our engine, whillt the y;jy, 
— ſhut, the cylindrical ſpace deſerted by it will be left empty of air; uy 
naof theengine therefore, upon turning the key, the air contain'd in the receiver rule 
folved. into the cylinder, till, in both veſſels, it be brought to an equal dilatztiq, 
ſo that, upon ſhutting the receiver, turning back the key, Operin 
the valve, and forcing up the ſucker again, almoſt a whole cy linder oa 
will be driven out after this firſt exſuction; but, after every ſucceed 
ſtroke, leſs air will come out of the receiver into the cylinder: fo tha, 
length, the ſucker will riſe almoſt to the top of the cylinder, before t\ 
valve need be open'd. And if, when it is ſo exhauſted, the handle «f t, 


pump be let go, and the valve be ſtopp'd, the ſucker, by the force of, IRR loc 
external air, which is an over- balance to the internal rarify'd air, will Sreſs' 
forced to the upper part of the cylinder, and higher, in proportion, a; ir, fr 
air is more exhauſted *, We obſerv'd, alſo, that, whilſt any conſk, Poſleſs 
rable quantity of air remains in the receiver, a briſk noiſe is immediate i Penſat 


produced, upon turning the key. | 
The ſpring and But to render our experiments the more intelligible, we muſt prenik 
prefure of the that the air abounds in elaſtic particles, which being preſſed together hy 
«ir exp/a1n'd. their own weight, conſtantly endeavour to expand and free themſelves fm 


Motio! 
Foo! i 
he air 

Zuous 


that force; as wool, for example, reſiſts the hand that ſqueezes it, a Pill fl; 
contracts its dimenſions; but recovers them as the hand opens, ande nce tl 
deavours at it, even whilſt that is ſhut. It may be alledg'd, that tho very 
air conſiſts of elaſtic particles, yet this only accounts for the dilatation d 8 in ot 
it in pneumatical engines, wherein it hath been compreſſed, and its pi ey be 
violently bent, by an external force; upon the removal whereof, it expad me ce 
barely to recover its natural dimenſions; whilſt, in our experiments, it one 
appears not to have been compreſſed, before its ſpontaneous dilatation, bu, rongl 
we have many experiments to prove, that our atmoſphere is a heavy bu, e pre 


ine, t 
move t 
n. 


2. 1 


and that the upper parts of it preſs upon the lower. And [I found ad 
lamb's bladder, containing two thirds of a pint, and compreſs'd by! 
pack-thread tied about it, to loſe, in a very tender balance, 1 - fund 


the mercury aſcends or deſcends in the gage. preſents a receiver, ſtanding on the lt e COV 
To the upper part of this tube is cemented the pump; on whoſe upper part 5% U ſten'd 
a braſs- head, that fits into the perforated braſs- a box of leather - collars, paſſes a flip 0p ated 

piece, ſcrew'd on under the plate, and com- to take up, let: fall, or ſuſpend any th . - 
municating both with the receiver, and the in the receiver, without admitting thts + intly] 
hollow braſs- wire + + þ h. The box board 2 Iterna! 
is graduated into inches and quarters, from The original air in the receiver, " ually 2 
the ſurface of the quick-filver to twenty- ways to the remainder, as the ſum of 1 . 
eight inches high; and thence tis divided capacity of the veſſel of the pump, = _— .. 

into tenths. By this means, the degrees to the power, whoſe exponent 1 _ alily lif 
of rarifaction may, at all times, be nicely the number of the ſtrokes of the ſucle ? It ma 
obſerved in an experiment. The air- cock the capacity of the veſſel rais d to the 3 Iver, : 
n, Which lets in the air, is, likewiſe, a power. See this demonſtrated by 11.1 hy 1528 
ſcrew on the ſame perforated braſs, in non. Memoir. de P Academ. A. II Kd 
which the upper parts of the gage, and 397- put, let 
the hollow wire, are inſerted. 0090 re- ; duced 
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&. ©rmer weight, by the receſs of the air, upon pricking it. Suppoſing, Przvnaricy 
Ferefore, that the air is not deſtitute of weight, *tis eaſy to conceive, that 
© part of the atmoſphere wherein we live, is greatly compreſs*d by 
So directly over it, to the top of the atmoſphere. And tho? the height 
this atmoſphere, according to Kepler, ſcarce excceds eight miles, yet la- 
, aſtronomers extend it fix or ſeven miles farther. The learned Riccio/s 
Fakes it reach fifty miles high. So that a column of air, ſeveral miles in 
eight, preſſing upon ſome elaſtic particles of the ſame fluid here below, 
Hay eaſily bend their little ſprings, and keep them bent; as if fleeces of 
Fool were piled to a vaſt height upon one another, the hairs of the low- 
$6 locks would, by the weight of all the incumbent parts, be ſtrongly com- 
Preſs'd. Hence it is, that upon taking off the preſſure of the incumbent 
ir, from any parcel of the lower atmoſphere, the particles of the latter 
Poſſeſs more ſpace than before. If it be farther objected againſt this con- 
Fenſation of the inferior air, that we find this fluid readily yields to the 
Hotion of flies, feathers, &c. we may reply, that as when a man ſqueezes 
Fool in his hand, he feels it make a continual reſiſtance ; ſo each parcel of 
pe air, about the earth, conſtantly endeavours to thruſt away ſuch conti- 
$uous bodies as keep it bent, and hinder the expanſion of its parts: which 
Pill fly out towards that part, where they find the leaſt reſiſtance. And, 
Ince the corpuſcles whereof the air conſiſts, tho? of a ſpringy nature, are 
P very ſmall, as to compoſe a fluid body, *tis eaſy to conceive, that here, 
s in other fluids, the component parts are in perpetual motion, whereby 
ey become apt to yield to, or be diſplaced by other bodies; and that the 
me corpuſcles are ſo variouſly mov*d, that, if ſome attempt to force a bo- 
y one way, others, whoſe motion had an oppoſite determination, as 
rongly preſs it the contrary way; whence it moves not out of its place; 
e preſſure, on all ſides, being equal. For if, by the help of our en- 
Wine, the air be drawn only from one ſide of a body, he, who thinks to 
Wove that body, as eaſily as before, will, upon trial, find himſelf miſta- 
n. | 
F 2. Thus, when our receiver is tolerably exhauſted, the braſs ſtopple in 
e cover is ſo difficult to lift, that there ſeems to be ſome great weight 
Witen'd to the bottom of it: for the internal air being, now, very much 
Wilated, its ſpring muſt be greatly weakned; and, conſequently, it can but 
antly preſs againſt the lower-end of the ſtopple, whilſt the ſpring of the 
Eternal air keeps it down, with its full natural force. And, as the air is gra- 
ually admitted into the receiver, the weight is manifeſtly felt to decreaſe; 
Il. at length, the receiver being again fill'd with air, the ſtopple may be 
Wlily lifted, 
1c may ſeem ſurprizing, that we ſpeak of the air ſhut up in our re- 
River, as of the preſſure of the atmoſphere 3 though the glaſs manifeſtly 
Feeps the incumbent pillar of air from preſſing upon that within the veſſel. 
put, let us conſider, that if a fleece of wool, by preſſure, be thus directly 
Wecuced into a narrow compaſs, and convey'd into a cloſe box, tho? the 
rmer force ceaſes to bend its numerous ſpringy parts, yet they continue 
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PnzvwaTIC as ſtrongly bent as before; becauſe we ſuppoſe the including box relits 


1 
Bladders dila- 
ted by the 


Spring of the 


air. 


their expanſion, as much as the force that crowded them in. Thust 
air, being ſhut up in our glaſs when its parts are bent by the whole ven 
of the incumbent atmoſphere, tho? that weight can no longer preſ; Un 
itz yet the corpuſcles of the internal air continue as forcibly bent, a; U 
fore they were included, If it be ſaid, that the continual endeavour it 
to expand itſelf, ought then to break the glaſs, we mult obſerve, thatth 
expanſive force of the internal air, is balanc'd by preſſure of the exten 
which preſerves the glaſs intirez as, by the ſame means, thin large hi, 
bles made with foapy water, will, for ſome time, continue whole in t 
open air. 

3. And though, by help of the handle, which is a lever, the ſucks 
may eaſily be drawn down to the bottom of the cylinder; yet, withox 
ſuch a mechanic power, the ſame effect could not be produced, but hy, 
force able to ſurmount the preſſure of the atmoſphere : as in the Ty, 
cellian experiment, if the column of mercury be too high, it will ſubſc 
till its weight be a balance to the preſſure of the air. Hence we needng 
wonder, that tho? the ſucker move eaſily in the cylinder, by means oft 
handle, yet if that be taken off, it will require a conſiderable force y 
raiſe or drpreſs it. Nor will it ſeem ſtrange, that if, when the va 
and ſtop- cock are exactly cloſed, the ſucker be drawn down, and the 
the handle let looſe, that the ſucker, as of itſelf, re-aſcends to thety 
of the cylinder; ſince the ſpring of the external air, finds nothing toreſilt 
preſſure upon the bottom of the ſucker. And, for the ſame reaſon, vin 
the receiver is almoſtemptied, tho?, the ſucker being drawn down, the ni 
ſage from the receiver to the cylinder be open'd, and then ſtopp'd agi 
the ſucker will, upon the letting go the handle, be forcibly carried up, 
moſt to the top of the cylinder; becauſe the air within the cylinder, * 
ing equally dilated and weakned with that of the glaſs, is unable 9 f. 
fiſt the preſſure of the external air, till it be crowded into ſo little ſus, 
that both their forces are in equilibrium. So that, in this caſe, the ſucke 
is drawn down with little leſs difficulty, than if, the cylinder being deli 
tute of air, the ſtop-cock were exactly ſhut. It muſt alſo be obſer 
that when the ſucker hath been impell'd to the top of the cylinder, at 
the valve is ſo carefully ſtopp'd, that no air remains in the cylinder, abo 
the ſucker; if, then, the ſucker be drawn to the lower part of the cyl 
der, no greater difficulty is found to deprefs the ſucker, when nearer ti 
bottom of the cylinder, than when it is much farther from it. Wheat 
it appears that the preſſure of the external air, is not increas'd upon il 
acceſſion of the air driven out; which, to make itſelf room, forceth il 
contiguous air to a violent ſub- ingreſſion of its parts, as ſome ſuppoſe; 
otherwiſe the ſucker would be more reſiſted by the external airs! 
comes lower; more of the diſplaced air being thruſt into it, to compi® 


t. 
4. We took a large lamb's bladder, well dry'd, and very limber, a 


leaving in it about half the air it would contain, we ſtrongly tied thc 12 
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eit; then conveying it into the receiver, the pump was worked; and FERSTIS 
beer tuo or three ſtrokes, the impriſoned air began to ſwell in the blad- 
Per, and continued to do ſo, as the receiver was farther exhauſted, till at 
noth, the bladder appeared perfectly turgid. Then, by degrees, allow- 
| " the external air to return into the receiver, the diſtended bladder 
Prunk proportionably, grew flaccid, and, at laſt, appeared as full of 
Prinkles as before. 2 
And to try whether the actual elaſticity of the fibres of the bladder had 
Iny ſhare in this effect, we let down to the former, two ſmaller bladders, 
bf che fame kind; the one not tied up at the neck, that the air it con- 
Ained might paſs into the receiver; the other, with its ſides ſtretched out, 
Ind preſſed together, that it might hold the leſs air, and then ſtrongly. 
Bed up at the neck; and, whilſt the firſt, upon working the pump, ap- 
Scared every way diſtended to its full dimenſions, neither of the others 
ere remarkably ſwelled; and that whoſe neck was left looſe, ſeemed 
Fery little leſs wrinkled than when firſt put in. 
We made, likewiſe, aſtrong ligature about the middle of a long bladder, 
mptied of its air in part, but left open at the neck; and, upon exhauſting 
e receiver, obſerved no ſuch ſwelling betwixt the ligature, and the 
eck, as betwixt the ligature and the bottom of the bladder, where air 
Was included. | 
. We hung a dry bladder, well tied and blown moderately full, in the Au burt by 
cciver, by a ſtring faſten'd to the inſide of the cover; and, upon exhauſt- he. ſane. 
g the glaſs, the included air firſt diſtended the bladder, and then burſt 
as if it had been forcibly torn aſunder. 
This experiment was repeated with the like ſucceſs; and the bladder 
Wuriting, long before the receiver was fully exhauſted, gave a great re- 
Dre. » 
But it was often, in vain, that we tried to burſt bladders, after this 
nner, becauſe they were commonly. grown. dry, before they came to 
r hands; whence, if we tied them very hard, they were apt to fret, and 
become unſerviceable; and, if tied but moderately hard, their ſtiffneſs 
Ept them from being cloſed ſo exactly, that the air ſhould not get out 
to the receiver. We found, alſo, that a bladder moderately filled with 
wr, and ſtrongly tied, being held for a while, near the fire, grew exceed- 
g turgid 3 and, afterwards, being brought nearer to the fire, ſuddenly 


ao; ſo loud and vehement a noiſe, as made us almoſt deaf for ſome 
me after." | 


6. Having 

M. 4montons ſhews, that the ſame de- ſoever, may perpetually increaſe the force 

e of heat, how ſmall< ſoever, may per- of its ſpring, by a ſmall degree of heat 3 
ually increaſe the force of the air's provided this air be more and more preſ- 

1 — provided that air be continually ſed continually: The ſame gentleman, al- 
i ied by a weight till greater and great- | ſo, found by experience, that the heat 


and that any parcel of air, how ſmall of-boiling water, which he ſhews to be the 


greateR 
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PxeomatIC® 6, Having thus found, that the air hath an elaſtic power, we Were b. 


— —  — 


Spring, meaſu- 
red. 


ſirous to know how far a parcel of that fluid might bedilated by its on 
ſpring. | 
The dilatation We thoroughly wetted a limber lamb's bladder, in water, that the fide 
of air by its of it being ſqueezed together, no air might be left in its folds, and ſtro. 


ly tied the neck of it about that of a ſmall glaſs, capable of holding jy 


drams of water; the bladder being firſt ſo ſqueezed, that the air it ch. 


tained was wholly forced into the glaſs, without being compreſſy 
there; then the pump being ſet on work, the air, in the vial, ſoon h. 


gan to dilate, produced a ſmall tumour in the neck, and gradually an 


further into the bladder; elevating the ſides, and diſplaying the folk 
till, at length, it ſeem'd blown up to its full extent; when the extem 
air, being permitted to return into the receiver, the air that had filled 
bladder, was thereby reduced into its former narrow receptacle, and i: 
bladder became flaccid and wrinkled, as before. Then taking out t. 
bladder, and glaſs, we filled them both with water, thro' a hole made 
the top of the bladder; and found the weight of it to be five ounces, ff 
drams, and a half. So that the air, at its utmoſt expanſion, poſſeſs'd aba 
nine times the ſpace it did when firſt put into the receiver, 
But to meaſure the expanſive force of the air more accurately, we tai 
a cylindrical pipe of glaſs, its bore about a quarter of an inch in di 
meter, its length about ſeven inches, and left it open at one end; b. 
the other, where it was hermetically ſealed, had a ſmall glaſs bubbt 
to receive the air, whoſe dilatation was to be meaſured. Along t: 
ſide of this tube, we paſted a ſlip of parchment, divided into twenty 
equal parts, mark'd with black lines, to meaſure both the included it, 
and its expanſion. Afterwards we almoſt filPd the tube with water; wie, 
ſtopping the open end, and inverting it, the air was permitted to at 
to the bubble; and, as the aſcent was very ſlow, it gave us the opportini, 
to mark how much more, or leſs than one of thoſe diviſions, this ait u 
up. Thus, after a trial or two, we conveyed to the top of the glb! 
bubble of air, apparently equal to one of thoſe diviſions; then the openti 
of the tube being put into a ſmall vial, whoſe bottom was cover'd wi 
water, we included both glaſſes in a ſmall ſlender receiver, and cl 
the pump to be work'd. The event was, that, at the firſt exſuction 
the air, there ſeem'd not any expanſion of the bubble, comparable to vit 
appear'd at the ſecond; and, after a few ſtrokes, the bubble, rei 
ing as low as the ſurface of the ſubjacent water, gave us cauſe to thi 
that it would have expanded much farther, had there been room. , 


therefore, took out the little tube, and found that, beſides the twenty 1 
diviſions, the glaſs bubble, and ſome part of the pipe, to which the pai 


greateſt liquor is capable of, tho' ever ſo 
Jong detained upon a vehement fire, increa- 
ſes the ſpring of the air as much as about 
4. of the weight of the atmoſphere, ſhewn 
by the barometer, in ſpring, or autumn: 


mometers. See Memoirs de l Acadis 
1702. p. 204. A. 1703. p. 61, &e. 
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hat the air poſſeſſed one and thirty times more ſpace than before; and 
Net ſcem'd capable of a far greater expanſion. Wherefore, after the ſame 
anner, we let in another bubble, that ſeem'd but half as big as the for- 
er, and found, that upon exhauſting the receiver, it did not only fill 
Jo che whole tube, but, in part, broke thro' the water in the vial; and 
Wicreby manifeſted itſelf to have poſſeſs'd above ſixty times its former 
ce. 
"Finding, then, that our tube was ſtill too ſhort, we took a ſlender coni- 
Sa] one, thirty inches long, hermetically ſeaPd at the ſlender end, and 
Klmoſt 611d it with water; and conveying a bubble of air to the top of it, 
Pe put the open end in a vial, as before: then the cover, by means of a 
all hole made in it, for the glaſs-pipe to come out at, was cemented to 
e receiver; and the pump being ſet on work, the air manifeſtly appear'd 
tended below the ſurface of the water; and ſome bubbles were ſeen to 
Wome out at the bottom of the pipe, and break thro? the water. This done, 
e left off pumping, and obſerved, that at unperceived leaks of the re- 
Sever, the air got in ſo faſt, that it very quickly impelled up the water to 
THe top of the tube; excepting a little ſpace, whereinto that bubble was 
riven, which had before poſſeſs*d the whole tube. This air at the fender 
Wd, appear'd to be a cylinder of $4 inch in length; but when the pipe was 
ken out and inverted, it ſeemed at the other end, leſs in bulk than a 
Wea. Then with a ſmall pair of ſcales, weighing the tube and water, we 
Pund they amounted to one ounce thirty grains and a half; and filling the 
Wbe with water, and weighing again the pipe and water, we found the 
eight increaſed only by one grain. Laſtly, pouring out the water, and 
refully freeing the pipe from it, we weigh'd the glaſs alone, and found 
wanted two drams and thirty-two grains of its former weight. So that 
We bubble of air poſſeſſing the ſpace but of one grain weight of water, it 
Wpear'd that this air, by its own ſpring, was rarified to one hundred fifty- 
o times its former dimenſions; tho? it had been compreſſed only by the 
dinary weight of the contiguous air. The experiment, indeed, was made 
a moiſt night, and in a room with a large fire; which did, perhaps, ſome- 
Wat rarify the bubble of air. 
It hath ſeem'd almoſt incredible, what Merſennus relates, that the air by 
violence of heat, may be dilated ſo as to take up ſeventy times its na- 
ral ſpace: we therefore, once more, conveyed into the tube a bubble of 
e lame bigneſs with the former; and proſecuting the experiment as 
bre, we obſerved, that the air did manifeſtly ſtretch itſelf ſo, as to 
rar, ſeveral times, far below the ſurface of the water in the vial ; 
chat too, with a ſurface very convex toward the bottom of the pipe. 
, the pump being ply'd a little longer, the air reached to that place, 
Pere the tube reſted upon the bottom of the vial, and ſeem'd to hit againſt 
rebound from it. Whence it is probable, if the experiment could be 
ade that the expanſion of the air might not be reſiſted, it would yet 
arge its bounds, and perhaps ſtretch itſelf to more than two hundred 
1 times 


genioch 

in le 
ade 
5 


116 


415 


ent did not reach, amounted to fix diviſions more, Whence it appears, * res 
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ERA Limes its former bulk. And this may render many phenomena of our 


gine credibile; ſince, of that part of the atmoſphere wherein welive, yy, | 1 

we call the free air, and preſume to be uncompreſs'd, is crowded into þ . 
very ſmall a portion of the ſpace, it would, if unreſiſted, poſſeſs, nh 
Theftrengthsf 7. To diſcover the ſtrength of glaſs, and what intereſt the figure, ad 
e. aud 15: body may have in reſiſting a preſſure, we made the following exyy. _ 
fe, be ments 18 
| . — A round glaſs bubble, capable of containing five ounces of water, being F 
ere. purpoſely blown very thin, and with a ſlender neck, we moderately empt; * 
ed the receiver, and nimbly applied the neck of the bubble to the ority Ide 
of the bottom of it; and after turning the key of the ftop-cock, we my chat 
a free paſſage for the air to come out of the bubble into the receiver; wig ofe « 
Wt it did with great celerity; leaving the bubble as empty as the receiver. . 
ſelf. We then let in the external air, which now preſſed only on the ou; = x 


fide of the exhauſted bubble, being prevented from getting within it; . . 
vertheleſs, it continued as intire as before; the roundneſs of its figure en | |} 
bling it, tho? almoſt as thin as paper, to reſiſt a preſſure equal to that 
the whole incumbent atmoſphere. And repeating the experiment, y 
found again that the preſſure of the air, thruſting all the parts inwark 
made them, by reaſon of their arched figure, ſo ſupport one another, ti 
the glaſs would not break. 

Fig. 32. 8. We took a glaſs alembic, containing between two and three pins 

the roſtrum C, being hermetically ſeal'd; and at the top of it was ahi 
wherein we cemented one of the ſhanks of a ſtop-cock ; ſo that the gli 
being inverted, the wide orifice ſtood uppermoſt ; and to this was cement 
a cover of lead: the other ſhank of the ſtop-cock was alſo, with cena, 
faſten'd into the upper part of the pump, which beginning to be work, 
the remaining air became by much too weak to balance the preſſured 
the external air, when the glaſs was, with a great noiſe, cracked ant 
half round, along that part of it where it began to bend inwards; s 
the line A B; and upon attempting to evacuate more of the air, thecrid 
appear'd to run further, tho? the glaſs, where it was broken, ſcemi 
above twenty times as thick as the bubble employ'd in the preceding ex}: 
riment. Hence it may ſeem ſtrange, that taking another glaſs bubdt 
alike in all reſpects, for ought appear'd, to that juſt mention'd, fealingi 
up, hermetically and ſuſpending it in the receiver, the exſuction of f 
ſurrounding air did not enable the internal air to break or crack it: 
this proved the caſe, tho' the experiment were tried ſeveral times, 
bubbles of different ſizes. - But, perhaps, the heat of the lamp, wherewl 
ſuch glaſſes are hermitically ſealed, might rarify the contained air, i 
weaken its ſpring. 


Fig. 33. 9. Into the neck of a common four-ounce vial, we put a ſlender pit thar 
glaſs, and carefully faſten'd it, with a mixture of pitch and roſin, to then t anot 
thereof. This vial, containing water that reach'd conſiderably higher tion ; 
the lower end of the pipe, was put into a ſmall receiver, in ſuch mann" Wire e; 


that the glaſs pipe, paſſing thro? a hole in the leaden cover of the e 
2 
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. principally without the veſſel; which being exactly cloſed, we Puste 


Lord the pump; but at the very firſt ſtroke, and before the ſucker was 
Jan to the bottom of the cylinder, there flew out of the vial a large 
Nece of glaſs, with a ſurprizing violence and noiſe, fo as to crack the re- 
ieer in many places. r | 
For farther ſatisfaction, we repeated the experiment in a round glaſs, 
Fat would contain ſix ounces of water; which we pur into a ſmall recei- 
r. © that the bottom of it reſted upon the lower part of the receiver, 
d the neck came out thro? the leaden cover of the ſame. This vial we 
luded in a bladder, before it was put in, and the receiver being clos'd, 
chat the out ward air could not enter but by breaking thro? the vial, into 
Woſe cavity it had free acceſs by the mouth, the ſucker was nimbly drawn 
vn; upon which the external air immediately preſs'd forcibly, as well 
don the leaden cover as the vial; and the cover happening to be in one 
ace a little narrower than the edge of the receiver, it was depreſs'd, and 
Wult into ic ſo violently, that getting a little within the lip of the glaſs, 
thruſt out the ſide, where it was depreſs'd, ſo as to ſplit the receiver. 
d having fitted a wider cover to the ſame receiver, and clos'd both that, 
che crack with cement, we proſecuted the experiment in the former 
aner with this ſucceſs ; that, upon ſuddenly depreſſing the ſucker, the 
ernal air burſt the vial into above a hundred pieces, many of them ex- 
ding ſmall, and with ſuch violence, that we found a wide rent, and 
ny holes made in the bladder. 

And to ſhew, that theſe phenomena were the effects of a limited force, 
not of ſuch an abhorrence of a vacuum, as muſt, upon occaſion, exer- 
x boundleſs power, we try' d ſeveral thicker glaſſes, and found that 
experiment would not ſucceed; for the glaſſes were taken out, as en- 
as they were put in. 


ln And here, by the way, we may obſerve, that every ſmall crack will 
vn WW render a roundiſh receiver uſeleſs in our experiments, becauſe, upon 
a Ruation of the internal air, the external on all ſides preſſing the glaſs to- 
ſeen's s che center, thruſts the edges of the crack cloſer together. 


And, in caſe of conſiderable flaws, we ſucceſsfully apply a plaiſter, 
We of quick-lime, finely powder'd, and nimbly ground, with a proper 


aling 1 Wncity of the ſcrapings of cheeſe, and fair water, enough to bring the 

of 12 ture to a ſoft paſte ; which, when the ingredients are exquiſitely incor- 

it: 10 red, will have a ſtrong, and ferid ſcent; and then it muſt be immedi- 
W7 [pread upon a linen cloth, and applied, leſt it begin to harden, 


preſently clos'd it up, and upon pumping, found, that within little 
e than half a minute after, the flame went out. 3 
wother time, the flame laſted about two minutes, tho? upon the firſt 
action it ſeem'd to contract itſelf in all its dimenſions, and after two 
aree exſuctions, it appear'd exceeding blue, and gradually receded 
OL, II Hh B from 
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Wo. We let down, into our receiver, a tallow-candle of a moderate ſize, 75: fame of 
bufpending it, ſo that the flame appear'd in the middle of the veſſel, %% and of 


toax in vacuo. 
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Pxvnartcs from the tallow, till at length it ſeem'd to poſſeſs only the very tyg i 0 
5 the wiek, and there it vaniſh'd. nut 
The ſame candle, being lighted again, was ſhut into the receie, g g of 
try how it would burn there, without exhauſting the air; and we un V. 
that it laſted much longer than formerly; and before it went out, t , tle 
ceded from the tallow, towards the top of the wiek, tho? not ner f en: 
much, as in the former experiment. ng, 
We took notice, that when the air was not drawn out, a conſideni | 
part of the wiek remain'd kindled upon the extinction of the flame, wi. e fir 
emitted a ſmoke, that ſwiftly aſcended directly upwards, in a ſlender xy 
uninterrupted cylinder, till it came to the top, from whence it retury} Eir'd. 
by the ſides, to the lower part of the veſſel; but when the flame vent Lal 
upon the exſuction of the air, we once perceiv*d it not to be follow e far 
any ſmoke at all. And at another time, the upper part of the wick, e or 
maining kindled after the extinction of the flame, a ſlender ſteam a tſide 
ed, but a very little way, and after ſome uncertain motions, for the ge ble fc 
eſt part, ſoon fell downwards. wern 
Joining together ſix ſlender tapers of white wax, as one candle, a Ap 
having lighted all the wieks, we let them down into the receiver, and mu: {Wade | 
what haſte we could to cloſe it up with cement. But, tho? in the mean u duld 
we left open the valve of the cylinder, the hole of the ſtop-cock, and tha: he 1 
the cover of the receiver, that ſome air might get in to cheriſh the fi m' d 
and that the ſmoke might have a vent; yet the air ſuffic'd not for ſo gi wer; 
a flame, till the cover could be perfectly luted on; ſo that before ve m ot 
ready to employ the pump, the flame was extinguiſh'd. Wherefore vc , bu 
but one of the tapers, and having lighted it, clos'd it up in the receive, the \ 
try how long a ſmall flame, with a proportionable ſmoke, would contns more 
in ſuch a quantity of air; but we found, upon two ſeveral trials, that n d all 
our beginning to pump, the flame went out in about a minute. It a not 
indeed, that the ſwinging of the wyre, whereby the candles hung, d erab 
the extinction of the flame, which ſeem'd, by the motion of the pum r re Ve 
be thrown, ſometimes on one ſide of the wiek, and ſometimes on the ottt! S tak 


But, once refraining to pump, after a very few exſuctions, the flani lp 
not much longer. And laſtly, cloſing up the ſame lighted taper, to di ligh 


ver how long it would laſt, without drawing out the air; we found, li 85 a 
it burnt vividly for a while; but afterwards, began to diminiſh graduu ange 
in all its dimenſions, tho? the flame did not, as before, retire itſelf by 10 oke, 
and little towards the top, but towards the bottom of the wick, ſo Wt . 
the upper part of it, manifeſtly appear'd for ſome time, above the 0" * 
the flame; which, having laſted about five minutes, was ſucceeded H sht, 
ſtream of ſmoke, that aſcended in a ſtrait line. = 


Kindled thay. 11. A ſpiral wyre, fill'd to the height of about five inches, with wos ext! 

coal. coals throughly kindled, being let down into the receiver, and 08 

Fiz. 34 pump ſet to work; we obſerv'd, that upon the very firſt exſuction dd — 
coals, the fire grew dim, and tho” the agitation of the veſſel made eden 

ſwing ; yet, when we could no longer diſcern a redneſs in any of on 
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WE. und that, from the beginning of the pumping, that is, about two R ie. 
gutes after the coals had been put in, glowing, to the total diſappear- 


of the fire, there had paſs'd three minutes. 


oe then, preſently, took them out, and found there had remain'd ſome 


tle parcels of fire, rather cover d, than totally extinguiſh'd ; for, in the 


en air, the coals began to re-kindle in ſeveral places. Wherefore, ha- 


ng, by ſwinging them about in the wire, throughly lighted them a ſecond 


Ine, we let them down again into the receiver; and cloſing it, waited till 
e fire ſeem'd totally extinct, without working the pump, and found that 
Som the time the veſſe] was cloſed, till no fire at all could be per- 
ivd, there had elapſed four minutes. 

W Laſtly, having taken out the wire, and put other coals into it, we, in 
e {ame room where the engine ſtood, let it hang quietly by a ſtring, in 


e open air; and found that the fire began to go out firſt at the top, and 


rides of the coals; but inwards, and near the bottom, it continu'd vi- 


ble for above half an hour; a great part of the coals, eſpecially the 
wermoſt, being reduced to aſhes before the fire was extinguiſh'd. 


A piece of iron, of the bigneſs of a middle-ſized charcoal, being, alſo, Red. hot iron. 
Wade red-hot throughout, we ſuſpended it in the exhauſted receiver; but 


duld not obſerve any manifeſt change upon the exſuction of the air. 
he iron, indeed, began to loſe its fiery redneſs at the top; but that 


Wem'd owing to the upper-end's being ſomewhat more ſlender than the 


wer; and the redneſs, tho? it were in the day-time, continued viſible 


Wout four minutes; and then before it quite diſappear*d, we let in the 
. but no change enſued, Yet ſome little remainders of wax, that ſtuck 


the wire, and were turn'd into fumes by the heat of the iron, afforded 


more diffuſive ſmoke when the air was drawn out, than afterwards; 


allowance were made for the decreas'd heat of the metal. And laſt- 
notwithſtanding æ conſiderable extraction of the air, and the incon- 
erable diſſipation of the parts of the iron, the ſides of the receiver 


re boy ſenſibly hot, and retain'd a warmth for ſome time after the iron 
s taken out. 


22. We ſuſpended a piece of well-lighted match, in our receiver, with Lighredmatch. 


lighted end downwards, when the fumes of it, almoſt, immediatel 
I'd, and darken'd the receiver. Wherefore, leſt the veſſel ſhould be 


anger'd, the pump was nimbly ply'd, and a great deal of air and 


oke, mix'd together, drawn out; whereby the receiver growing more 


Fe", we could diſcern the fire in the match, to burn, by degrees, more 


guidly; and, after no long time, it ceas'd to be diſcernible either by 
light, or ſmoke. And tho* we continued pumping for a while longer, 
v upon admiſſion of the external air, the fire, that ſeem'd to have been 
$ extinguiſh'd, preſently reviv'd, and began again to ſhine, and diſſi- 
te the adjacent fewel into { moke, as before. | 

3. We, afterwards, let down into the receiver, together with a piece of 
pated match, a large bladder, well tied at the neck, and containing only 
but a pint of air, tho? capable of containing ten times as much. 

Hhh 2 This 
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Puxumarics This was deſign'd to try, whether the ſmoke of the match, replen;n: 
me receiver, would hinder the dilatation of the internal air, 850 D h _ 
traction of the external; and to diſcover whether the extinction of & he 
fire in the match proceeded from want of air, or, barely, from the Dre A 
| ſure of its own fumes. * 
| The event was, that, at the beginning of our pumping, the matchy. he ai 
| peared well highted, tho? it had almoſt fill'd the receiver with fg. nd as 
but, by degrees, it burnt more dimly; tho*, by nimbly drawing out, the 

air and ſmoke, the veſſel became leſs opake: ſo that the longer we Pump! eive 

the leſs air and ſmoke came out of the cylinder, upon opening the naht, a7, 

yet the fire in the match went out but ſlowly. And when, afteryy We 

we had darken'd the room, and, in vain, attempted to diſcover any fuk Peing 

of fire, we ſtill continued pumping; and, at laſt, letting in the air, the he alt 

quickly revived, yielded light, and plenty of ſmoke. Then we feln ppeal 

pumping afreſh, and continued it till long after the match went out agi We he 

ſo that in leſs than half a quarter of an hour, the fire was extingue . Pieces 

beyond the poſſibility of a recovery by re-· admitting the air. If theqh M ach a 

der were emptied, when the receiver was full of ſmoke, 1mmediatelyy I our 

on turning of the ſtop-cock, the receiver would appear manifeſtly di But 

ned, to an eye viewing the light thro? it; and this darkneſs was 1, « ol,! 

the receiver contain'd leſs ſmoke : it was alſo inſtantaneous, and ſeem'{ arly, 


— —  —— —— = 
. \ 


proceed from a ſudden change of place and ſituation, in the exhalation 
upon the vent afforded them, and the air they were mix'd with, out oft 
receiver into the cylinder. We alſo obſerv'd a kind of a halo, fora: 
ſiderable time, about the fire, that ſeem'd to be produced by the ſurroud 
ing exhalations. And, when the fumes ſeem'd moſt to repleniſh ther: 
ceiver, they did not, ſenſibly, hinder the air, included in the blade, 
from dilating itſelf, after the ſame manner it would otherwiſe have dm: 
ſo that, before the match was quite extinct, the bladder appear'd il 
ed to fix or ſeven times its former dimenſions. | 
We, alſo, took a ſmall receiver, capable of containing about a p 
and a half of water, and, in the midit of it, ſuſpended a lighted matt 
but tho? within a minute, from putting in the match, we had cemented 
the cover, yet before we began to pump, the ſmoke had ſo fill'd tier 
ceiver, as, apparently, to choke the fire. And finding it thus impoſi , We 
to cloſe up the veſſel, and pump out the fumes ſoon enough to pe argeſt 
the extinction of the fire, we uſed this expedient: as ſoon as we WW 
pump'd once or twice, we ſuddenly turn'd the key, and thereby gat 
ceſs to the excluded air, which ruſhing violently in, drove away the aſks 
fill'd the glaſs with freſh air, and re-kindled the fire; and having, by i 
means, obtain'd a lighted match in the receiver, without ſpending 
to cloſe it up, we exhauſted the receiver, and found the match then qu 
ly ceas'd to ſmoke. | | 
And gun be- 14: We took a piſtol, and having firmly ty'd it to a ſtick, almoſt as ln 
der firedin as the cavity of the receiver, we primed it with dry gun- powder; 1 
vacuo. cocking it, we faſten'd the trigger to one end of a ſtring, whoſe och! 
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Ney'd che whole apparatus into the veſſel, which being cloſed up, and 
Enptied after the uſual manner, we turn'd the key im the cover, and 
hereby ſhortning the ſtring, pull'd the trigger, and obſerv'd, that the 
rce of the ſpring of the lock was not ſenſibly abated by the abſence of 
Ne air; for, the cock falling with its uſual violence, ſtruck as many, 
Ind as conſpicuous ſparks of fire, as, for ought we could perceive, it did 
& the open aw. Upon often repeating this experiment, we could not per- 
W:ive, but that the ſparks of fire moved upwards, downwards, and ſide- 
Pays, as when out of the receiver. 

We, likewiſe, ſubſtituted a piece of ſteel for the flint, when, the piftol 
Peing cock'd, and convey'd into the receiver, we pull'd the trigger, after 
We air was drawn out; and tho? the place were purpoſely darkned, there 
Wppear'd not, upon the colliſion of the two ſteels, the leaſt ſpark of fire. 
We have, indeed, found, that, by the dextrous colliſion of two harden'd 
Pieces of ſteel, many ſparks may be ſtruck out; but that was done with 
Wuch a vehement percuſſion of their edges, as could not well be procured 
our receiver. | 

But moſt of our attempts, to fire the gun-powder in the pan of the pi- 
ol, fail'd, becauſe we were obliged to let it hang, almoſt perpendicu- 
krly, in the receiver; whereby the powder was ſhook out, before the 
Wparks could reach it. Once, however, the experiment ſucceeded ; and 
We kindled powder ſeem'd to make a more expanded flame, than it would 
Wave done in the open air, and mounted upwards: upon the extinction of 
We flame, the receiver appear'd darkned with ſmoke, which ſeem'd to 
ove freely up and down, and, upon letting in the air, began to circu- 
Etc much faſter than before. 


which the ſun ſhone in very freely; then, drawing out the air, we, 


W ich began immediately to ſend out a ſmoke that darkned the receiver; 
ut, notwithſtanding all our care, the external air got in, and fruſtrated 
We experiment, | 
We, therefore, lodg*d this combuſtibk matter in the cavity of our 
geſt receiver, ſo that it was almoſt contiguous to the ſide next th e ſun : 
e then endeavour'd to kindle it, but found, that by reaſon of the thick- 
els of the glaſs, the ſun-beams, thrown in by the burning-glaſs, were, 
their paſſage, ſo diſlocated, and ſcatter*d, that we could not, poſſibly, 
ate enow of them, to make the matter yield a ſenſible ſmoke. 


P placed, that, hanging in equilibrium, it could move freely every 
Way. Then the air being pump'd out, we employ'd a load-ſtone, mode- 
ately vigorous, to the outſide of the glaſs, and found that it * 
repell 


« faſten'd to the key in the cover of our receiver. This done, we con- P es 


15. We convey'd into a ſmall receiver, a piece of combuſtible, dry, Au attempt to 
lack matter; and carefully cloſing the veſſel, we brought it to a window, rar — 
u/tible body, 
, by the ſun's 
ith a burning-glaſs, threw the ſun's rays upon the combuſtible matter, rays in vacuo. 


W 15. We convey'd into the receiver, a little pedeſtal of wood, in the midſt n excired 
If which was, perpendicularly erected, a ſlender iron, upon the ſharp nelle in vacuo 


Pint whereof, an excited needle of ſteel, of about five inches long, was — by the 
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bur ies repell'd the ends of the needle, without any remarkable difference ſt 
what the ſame load-ſtone would have done, had none If the air ben 
drawn away from about the needle ; which, when the load-ſtone was y. 
mov'd, reſted, after ſome tremulus vibrations, in a poſition north ad 
ſouth. 
The Torricel- 17. A lender, and very exact cylinder of glaſs, near three feet | 
lian experi- length; its bore, a quarter of an inch in diameter; being hermetic] 
nen in Vacuo. ſeal'd, at one end, was, at the other, fill'd with quick-ſilver; care be; 
taken, that as few bubbles as poſſible, ſhould be left in the mercun, 
Then the tube, being ſtopt with the finger, and inverted, was ope! 
into a long, ſlender, cylindrical box, half fill'd with quick- ſilver; wha 
that in the tube ſubſiding, and a piece of paper being paſted level to i; 
upper ſurface, the box and tube were, by ſtrings, carefully let down iny 
the receiver; and the cover, by means of this hole, ſlipt along as mud 
of the tube, as reach'd above the top of the receiver: the interval left he. 
twixt the ſides of the hole, and thoſe of the tube, being exquiſitely fil 
up with melted diachylon; and the round chink, betwixt the cover a 
the receiver, likewiſe, very carefully clos'd; upon which cloſure, ther 
appear'd no change in the height of the mercurial cylinder: whencetk 
air ſeems to bear upon the mercury, rather by virtue of its ſpring, thand 
its weight; ſince its weight could not be ſuppos'd to amount to above tu 
or three ounces; which is inconſiderable, in compariſon of ſuch a cylind: 
of mercury as it would ſuſtain. Now the ſucker was drawn down, and in. 
mediately, upon the evacuation of a cylinder of air, out of the receiver, tk 
quick-ſilver in the tube ſubſided ; and notice being carefully taken of th 
place where it ſtopt, we work' d the pump again, and mark'd how loytte 
quick- ſilver fell at the ſecond exſuction: but, continuing thus, we were ſoo 
hinder'd from accurately marking the ſtages in its deſcent, becauſe itpr- 
ſently ſunk below the top of the receiver: ſo that we could, from tn, 
only mark it by the eye. And continuing pumping, for about a quarti0i 
an hour, we could not bring the quick- ſilver in the tube, totally to ſublit 
Then we let in ſome air; upon which, the mercury began to re- aſcendi 
the tube, and continu'd mounting, till having return'd the key, it imme: 
ately reſted at the height it had then attain'd. And ſo, by turning, and! 
turning the key, we did, ſeveral times, impel it upwards, and check iti 
cent; till, at length, admitting as much of the external air, as would cot 
in, the quick-filver was impell'd up, almoſt, to its firſt height; which 
could not fully regain, becauſe ſome little particles of air were lodg dt 
mong thoſe of the quick-filver, and roſe in bubbles to the top of the tu: 
It is remarkable, that having, two or three times, try*d this exper imen, 
in a ſmall veſſel; upon the very firſt cylinder of air that was drawn out" 
the receiver, the mercury fell, in the tube, 18 inches and a half; 3% 
at another time, 19 inches and a half. 
We, likewiſe, made the experiment in a tube leſs than 2 feet in lengid 
and, when there was ſo much air drawn out of the receiver, that il 


1emaining part could not counter-balance the mercurial cylinder, "7 
| a | avon 
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It up again, almoſt to the top of the tube: ſo little matters it, how heavy 
or light the cylinder of quick. ſilver be, provided its gravity overpower 
Hue preſſure of as much external air, as bears upon the ſurface of that mer- 
Fury into which it is to fall. | 
Laſtly, we obſerv'd, that if more air were impell'd up, by the pump, 
Into the receiver, after the quick-ſilver had regain'd its uſual ſtandard in 
She tube, it would aſcend ſtil] higher; and immediately, upon letting out 
That air, fall again to the height it reſted at before. 
But, in order to fill the Torricellian tube with exactneſs, the edges of 
e open end ſhould be made even, and turned inwards, that ſo the ori- 
ce, not much exceeding a quarter of an inch in diameter, may be the 
Wore eaſily, and exactly ſtopp'd by the finger ; berween which, and the 
Huick- ſilver, that there may be no air intercepted, it is requiſite that the 
be be perfectly full, that the finger, preſſing upon the protuberant 
ercury, may rather throw ſome out, than not find enough to keep out 
e air exactly. It is, alſo, an uſeful way, not quite to fill the tube, but 
y leave, near the top, about a quarter of an inch empty: for, if you then 
Mop the open end, and invert the tube, that quarter of an inch of air 
Will aſcend in a great bubble to the top; and, in its paſſage, lick up all 
Ne little bubbles, and unite them with itſelf, into one great one. So that, 
by re: inverting the tube, you let that bubble return to the open end of 
, you will have a much cloſer mercurial cylinder than before; and 
Weed add but a very little quick-filver more, to fill up the tube ex- 
ly. And, laſtly, as for ſuch leſs, and inviſible parcels of air, which 
annot be thus gather*d up, you may endeavour, before you invert the 
Wbe, to free the quick ſilver from them, by ſhaking the glaſs, and gent- 
T knocking on the outſide of it, after every little parcel of quick- ſilver 
Pur'd in; and afterwards, forcing the bubbles to diſcloſe themſelves, 
break, by applying a hot iron near the top of the glaſs ; which will 
iſe the bubbles ſo powerfully, as to make the mercury appear to boil. 
emember, that by carefully filling a ſhort tube, tho? not quite free from 
r, we have made the mercurial cylinder reach to thirty inches, and a- 
Pve an eighth; which is mention'd, becauſe we have found, by experi- 
Ice, that in ſhort tubes, a little air is more prejudicial to the experi- 
ent, than in long ones. 


down to its uſual height; leaving ſome little particles of air in = 
face it had deſerted: for, by the application of hot bodies to the up- 
part of the tube, the quick-filver would be a little depreſs'd. Laſt- 
having put both the tube, and the veſſel whereon it reſted, into a con- 
; * wooden frame, we placed them together in a window of my cham- 
And during ſeveral weeks that the tube continu'd there, I obſerv'd, 


at the quick-ſilver did, ſometimes faintly imitate the liquor of a thermo- 
| meter; 


bove a ſpan at the firſt ſtroke; and the external air being let in, impell'd P*zvnarrcs 


18. We fill'd a glaſs tube, about three feet long, with mercury; and 04d phenone- 


"ing inverted it into a veſſel of other quick: ſilver, that in the tube # % the mer. 
eurial barome- 
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Purvnar res meter; ſubſiding a little in warm, and riſing a little in cold vet, 

v dich we aſcrib'd to the greater, or leſſer preſſure of that little air, va 
remain'd at the top of the tube, expanded, or condens'd by the heat 
cold of the ambient air. But the quick- ſilver often roſe, and fell jy 
tube very conſiderably, after a manner, quite contrary to that of weaths, 
glaſſes, where air is at the top; for ſometimes I obſerv'd it, in very ai 
weather, to fink much lower than at other times, when the air was c 
paratively warmer. And ſometimes the quick- ſilver would, for fey; 
days together, reſt almoſt at the ſame height; and at others, it would 
the compaſs of the tame day conſiderably vary its altitude; tho? th 
appear*d no change, either in the air abroad, or in the temper of ty 
within my room, nor in any thing elſe, to which ſuch a change could u. 


ſonably be imputed ; eſpecially conſidering, that the ſpace wherein , I & © 


mercury continued unſettled for five weeks, amounted to full two inchs, WW he tr 
deſcending in that time about i of an inch from the place where it i Pear! 
ſettled, and aſcending the other inch, and : and when we took the tis ere 
out of the frame, after it had ſtaid there part of November, and Decenly, pf tha 
4 large fire being then in the room, we found the mercurial cylinder to; Found 
above the upper ſurface of the ſtagnant mercury 29 4 inches. dell'd 
_ Suck Up 
| he fit 
#* 'That the quick-filver in the barometer blown to another quarter, may, not a; t the 
mould ſtand lower, when the air is thick condenſe the atmoſphere, but mule ir, t 
and moiſt, than when it is dry and clear, heavier. Moreover, heavy dry ext g 


ſeems to overthrow the theory of the air's 
gravitation. Indeed, to diſcover the cauſes 
of all the minute variations in the air, is a 
very difficult ta. The winds have a great 
ſhare herein, with the vapours, exhala- 
tions, and expirations of the earth; per- 
haps alſo, the changes, which happen in 
the adjacent regions; the flux and reflux 
cauſed by the moon in the air, no leſs 
than in the ſea, and many other particu- 
lars, are not unconcern'd. Now, the air 
is heavier, than the vapours it ſuſtains; 
its particles being more groſs, and ariſing 
from denſer bodies, than the particles of 
vapours. But, winds may change this 
weight of the air, in any particular re- 
gion; either by bringing, and keeping up 
more air over it, as may eaſily happen, 
when two contrary winds blow; or by 
ſweeping it away, and affording room for 
the ſubjacent air to expand itſelf; as may 
he the caſe, when two oppoſite winds 
meet, or, when only one blows exceeding 
ſtrong. Thus, 'tis fact, that violent guſts 
make the mercury in the barometer great- 
ly to ſink of a ſudden. The cold nitrous 
particles of the air, or the air itſelf, being 
condenſed by cold in the north, and 


and the air having clear'd itſelf o „ 
clouds by rain, becomes very bright 


tions will increaſe the weight of the i 20, 


(as ſalts and metals diſſolv'd in pu ove 
menſtrua, increaſe the ſpecific gui ither 
of them; ) and perhaps, at the ſame tin; Ian 
add to its elaſticity. Again, the air, ; 


theſe, or the like cauſes, being rx ll it 
heavier, is the more able to ſuſtain tk 
pours; which therefore coming to k u. 
mately mix'd therewith, and floatuy e 
very where uniformly therein, fendt 
fair and clear. But, when from cont 
cauſes it becomes lighter, tis rendred us 
able to ſuſtain the vapours, which a 
oppreſs it; ſo that being, as it were, r, 


cipitated together, they form clouds . Lan F 
running into drops, fall, by their increit biedts a 
gravity, to the earth. Hence we * Wen, thi 
what cauſes render the air heavier, il hen tl 
more able to ſuſtain the quick-ſilver 1 dmetim( 
the barometer, namely, ſuch as me of 
air clear and dry: but the cauſes, wa at time 
render the air. light and unfit to ſulun Puro f 
the mercury, produce rain. When ther ur clim; 
fore the air is lighteſt, and the merci then the 
in the barometer loweſt, the clouds # all, or 

very low, and in very ſwift mot that t 


Vo 
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er ic difficult to determine by the barometer, whether the moon be the 
uſe of the tides, eſpecially, till the reaſon of this odd phenomenon be 
ertainly known; which ſeems principally to depend upon conſiderable 
Irerations in the air, in point of rarity and denſity. 


th n it, being let down into the receiver, the pump was ſet on work; when, 
her: ill the receiver was moderately exhauſted, the tube continu'd quite full of 
thy ater; it being requiſite, that a great part of the air contain'd in the re- 


eiver ſhould be drawn out, to bring the remaining to an equilibrium, with 


th © ſhort a cylinder of water. But, when once the water began to fall in 
hes Wc tube, each exſuction of air made it deſcend a little lower; tho* nothing 
fl Pear ſo much, nor ſo unequally, as the quick-filver did. The loweſt, we 
ere able to draw down the water, was, to about a foot above the ſurface 
my, Sf that in the veſſel. And, when the water was drawn down thus low, we 
th Pound, that by letting in the outward air, it might be immediately im- 
Þc11'd up again, to the higher parts of the tube. 

Sug VU pon making this experiment in a ſmall receiver, we obſerv*d, that at 

he firſt exſuction of the air, the water uſually ſubſided ſeveral inches; and 
1 aj t the ſecond, ſometimes near two feet; whereupon letting in the external 
1 ir, the water was impell'd up, with a very great velocity. 
den 20. That the air hath a conſiderable elaſtic power, we have abundantly Vesber wa. 
rr roved; but, whether water participates, in any meaſure, thereof, ſeems ter be elaſtic ? 


itherto, to have been ſcarce conſider'd. 

Into a large glaſs bubble, with a long neck, we pour'd common water, 
Wl it reach'd about a ſpan above the bubble; and a piece of paper being 
aſted thereon, we put it, unſtopt, into the receiver; when, the pump 


Such an inequality in the riſe, and fall of the mercury will, I fear, ren- PW nr res 


& 19. We took a tube of glaſs, about four feet in length, hermetically 4 lite eher 
ald at one end, fill'd it with common water, and inverted the open end, ment made 
Peneath the ſurface of a veſſel of water. Then this veſſel, with the tube with water, 


nſparent, ſo as to afford an excellent 
oſpect of remote objects. But, when it 
heavy, and the quick-ſilver ſtands high 
the barometer, the heavens appear fair, 
at ſomewhat thick, by reaſon of the va- 


ere, fr urs, every where Equally diſperſed there- 
F | . 
_ ud is leſs fit to ford a — view of 
1 5 Wojects at a diſtance. And if any clouds are 
10 1 8 they be very high, and move flow. 
33 en the air is at the heavieſt, thick elouds 
"tel | pmetimes cover the earth, conſiſt ing pro- 
en poly of ſuch exhalations, as the air, at 
* wo at time, is unable to ſuſtain ; and which, 
_—_ 2 float therein, when it is light. In 
_ he As the barometer ſtands higheſt, 
A "4: * the weather is coldeſt, and when the 
t motit At, hey north-eaſt winds blow ; becauſe, 
-if of tnat time, two winds blow together, 
ight 
1 V 01, II. 


from oppoſite parts; for in the Atlantic 
ocean, at the degree of latitude anſwering 
to ours, the wind, almoſt continually blows 
weſt; and when the north-wind blows, an 
air condens'd by cold is brought to us. 


- Farther, in the moſt northern regions, the 


height of the barometer varies more, than 
in the ſouthern ; the winds being there 
more ſtrong, changeable, and contrary to 
one another, on a ſmall tract of land; 
whereby, at one time, they heap up, and 
condenſe the air, and at another, ſweep it 
away, and rarify it. Laſtly, the barome- 


ter varies leaſt between the tropics, becauſe 


the wind is there almoſt always gentle, and 
blows the ſame way. See C/ark. Annotat. 
in Rohault. & Philoſ. Tranſ. No. 181. 


292. 


111 was 


P»zumaTICs Wag work'd, after the uſual manner, and a conſiderable part of the z. 
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: . a 22. 
in the receiver drawn out, before we diſcern'd any expanſion of the va. From 
but continuing to pump, the water manifeſtly began to aſcend in the ft 3 
of the glaſs, and ſeveral bubbles, from the lower parts of the veſſel, ,, WIS 3 
their way thro? the liquor to the top of it, and there broke into the re, eck; 
ver. After the water once appear'd to ſwell, at each time the air wy evi 
out from the receiver into the pump, the water in the neck of the gl ' eing 
ſuddenly roſe, about the breadth of a barley- corn, and ſo by degree; x! Neer-a 
tain'd to a conſiderable height, above the mark. And at length, t\ So tl 
external air, being ſuddenly re- admitted, the water immediately tubG dan to 
and deſerted all the additional ſpace, it had gain'd in the glaſs. Ind, f 
21, We convey'd into the receiver a new glaſs. vial, capable of holdiy bf the 
about 6 or 7 ounces of water; into which we had before-hand put only} e thr 
or 3 ſpoonfuls of that fluid, and ſtopt it cloſe with a fit cork. The, Proke. 
ceiver being emptied, there appear'd no change in the incloſed watt; Þ incr 
the air, impriſon'd with it, not having the force to blow out the ſtopyh, bf it b. 
Wherefore, we again put in the vial, leſs firmly cloſed than before; by Sear pi 
when the air was pumped out of the receiver, that within the vial quickh ches 
found little paſſages to get out at; for when the vial was put in the tit Fork, | 
before, the water remain'd all the while perfectly free from bubbles; hy e rec 
now the bottom of the glaſs appear'd all cover'd with them, which, up leng 
on the return of the excluded air, preſently ſhrunk up. dwn : 
Hence it ſeem*d deducible, that, whilſt the vial continu*d well ſtop, 8 Whe 
the included water ſuſtain'd, from the air ſhut up with it, a preſſure equi He bul 
to that of the atmoſphere ; ſince, till the air could get out of the glu arce 
there appear*d no bubbles in the water, notwithſtanding the want of pr pand 
ſure in the ambient body. les of 
But, further, we cauſed a convenient quantity of water to be hermei. Irger t 
cally ſeal'd up in a glaſs- egg, whoſe long neck was faſten*d to one add lk te 
a ſtring, the other end whereof was ty'd to the cover of our receiver: mm And 
the egg being oonvey'd into the receiver, and that being evacuated, , ter 
by turning the braſs ſtopple, ſo ſhorten'd the ſtring, as to break the glib; f cor 
whereby liberty being given to the air impriſon'd in the egg, to pals nt d affe 
the receiver, its ſudden receſs made ſo many bubbles appear immedateh; bbles 
and aſcend ſo ſwiftly in the water, that their motion look'd like that: th tt 
violent ſhower of rain; except that the bubbles did not, like the drops at co 
rain, tend downwards, but upwards; as happens in the diſſolution a We 
feed. pearl, in ſome very acid menſtruum, wherein, if a large quantity c ding 
the pearls be caſt whole, they will, at firſt, be carry'd in ſwarms from it bd; 
bottom to the top of the liquor. And, without ſealing up the glaſs, d Þ parc 
experiment may be try'd in a fmall receiver; for the air may here i Int wat 
drawn out ſo ſoon, that the bubbles, lurking in the water, will, jmmedr * of t 
ately, diſplay themſelves, and aſcend in throngs. So that, having mad e ſides 
the experiment, in ſuch a receiver, with red wine, inſtead of water, 9 
ml 


wine appear'd all cover'd with a large vaniſhing white froth. 71 
22, 


2 
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22. To diſcover whether the expanſion of the water really proceeded Przumarrtcs | 
om an elaſtic power in the parts of that fluid; we fill'd a glaſs-vial, with 
ound and ſome ounces of water, and then put into it a glaſs-pipe, open 
ES. both ends, and ſeveral inches in length, ſo as to reach a little below the 
Neck; then we carefully cemented it thereto, that no air might come into 
de vial, nor any water get out of it, but thro? the pipe; and the pipe, 
Scing warily fill'd about half way with water, and a mark being paſted. 
Sver-againſt the upper ſurface thereof, the whole was, by ſtrings, let down 
Sto the receiver; when, pumping out the air, the water in the pipe be- 
Tan to riſe, while ſome little bubbles diſcover'd themſelves on its ſides; 
ind, ſoon after, the water ſtill ſwelling, there appear'd, at the bottom 
f the pipe, a bubble, about the bigneſs of a ſmall pea; which, aſcend- 
So thro? the tube to the top of the water, ſtaid there a while, and then 
Sroke. But the pump being nimbly ply'd, the expanſion of the water 
P increas'd, that, quickly getting up to the top of the pipe, ſome drops 
f it began to run down along the outſide of it; which oblig'd us to for- 
Fear pumping a while, and let it ſubſide, as it did, within leſs than two 
ches of the bottom of the pipe. Then the pump being again ſet on 
Fork, the bubbles began to aſcend from the bottom of the pipe; of which 
e reckon'd about 60 large ones, that aſcended one after another. And, 
length, letting in the external air, the water, in the pipe, inſtantly fell 
dwn almoſt to the bottom of it. 

When the greater part of the air had been pump'd out of the receiver, 
De bubbles aſcended ſo very ſlowly in the pipe, that their progreſs was 
Warce diſcernible ; their magnitude not permitting them ſufficiently to 
pand themſelves in the cavity of the glaſs, without preſſing againſt the 
Hes of it. And, what ſeems ſtrange, theſe bubbles were commonly much 
meth Wr ger than thoſe which roſe before them; ſome of them being equal in 
Ik to four or five peas. 
And tho, in ordinary bubbles, the air, together with the thin film of 
ter that inveſts it, commonly ſwells above the ſurface of the water, 
d conſtitutes hemiſpherical bodies; the little parcels of air, that came 
after the receiver was tolerably emptied, did not make protuberant 
Pobles; but ſuch, whoſe upper ſurface was either level with, or be- 
th that of the water; ſo that, the upper ſurface being uſually ſome- 
Fat convex, the leſs protuberant parts had a quantity of water above them. 
| We farther obſerv d, that, in the bubbles which firſt appear'd, the aſ- 
nding air made its way upwards, by dividing the water thro* which it 
d; in thoſe that roſe at the latter end of the experiment, the aſcend- 
p parcels of air, having now little more than the weight of the incum- 
Wl water to ſurmount, were able to expand themſelves, ſo as to fill that 
of the pipe which they pervaded, and, by preſſing every way againſt 
We ſlides of it, to raiſe what water they found above them, without letting 
8) conſiderable quantity glide down along the ſides of the glaſs ; ſo that, 
etimes, we could ſee a bubble thruſt on before it a whole cylinder of 
| 1111 water, 


PrxzvmATIcs water, perhaps an inch high, and carry it up to the top of the pipe ; the 
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upon letting in the external air, theſe bubbles ſuddenly vaniſh'd. 

Hence it appears, that the air, and other bodies under water, may k 
preſs'd upon as well by the atmoſphere, as by the weight of the incumbe 
water. Hence, likewiſe, it cannot from the preceding experiment x 
ſafely concluded, that water uncompreſſed, has an elaſtic power; fr 
the intumeſcence, produc'd in that experiment, may be aſcrib'd to g 
numerous little bubbles produc'd in water, freed from the preſſure of) 
atmoſphere. And hence, laſtly, it ſeems probable, that, in the interſiy 
of water, there lie conceal'd many parcels either of air, or ſomething aq, 
logous thereto ; tho? ſo very ſmall, that they have not been hitherto ſi; 
pected to lurk there. 

23. It may, indeed, be conjectur'd, that theſe bubbles proceed not 
much from any air in the water, as from the more ſubtile parts of the 
ter itſelf, 


; | rial 
We, therefore, repeated our former experiment, in a three: foot til, nd 
fill'd with water, and in a ſmall receiver; and found, that, upon the ſ- = 


ſiding of the fluid, ſo many bubbles, viſibly broke into the upper pnꝗi 16 


the tube, that, having afterwards let in the external air, the water w IR r.de: 
not thereby impelPd to the top, within more than half an inch, Tiz dige 
we, again, drew the air out of the receiver, and found, that, by reaſand > atn 
the body which poſſeſs'd the top of the tube, we were able, not on Icuot 
make the water fall to a level, with the ſurface of that in the veſſel; & 1557 


alſo a great way beneath it. Now, ſince this could not well be aſcribdt 
the bare ſubſiding of the water by its own weight, the water ſeems to hat 
been depreſs'd by the air. And, indeed, the ſurface of the water, nit 
tube, was much more concave than uſual. And, by the way, when 
water, in the pipe, was ſunk almoſt as low as the water without; ww 
ſerv*d, that, by the bare application of the hand, moderately war, 
the deſerted part of the tube, the remaining water would be, ſur, 
conſiderably depreſs'd. And having, for a while, held a kindled colt 
the outſide of the tube; the air was, by the heat, ſo far expanded, ti! 
quickly drove the water to the bottom of the tube, which reſted ſew 
inches below the ſurface of the ambient water. Hence it appears, 
the air, when expanded to between ninety, and a hundred times ib 
mw dimenſions, will, yet, readily admit of a much farther rarifatagi 
y heat. = 
But, to proceed; in caſe our bubbles were produc'd by air, lurking! : 
the water; that air being got together at the top of the tube, I 1magns 
if the receiver were again exhauſted, bubbles would not riſe, as beton 
and, accordingly, the air being again pumped out, the water, in the t 
deſcended; but, for a great while, we ſcarce ſaw one bubble app® 
only when the receiver had been very much exhauſted, and the 
fallen very low, we diſcover'd, near the bottom of the tube, ſome I 
ones, which ſeem'd to conſiſt of ſuch parcels of air, as had not, h ' 
2 . , 
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on of their ſmallneſs, got up to the top of the water, with the moreP»=vnarrcs 
alky and vigorous fort. And having, by letting in the air, forced up 
e water into the tube, we could not perceive thar it aſcended near the 


þ Ar. 


Po, cho' the engine remain'd unemploy'd for two or three nights toge- 


Having, alſo, try*d a like experiment with quick ſilver, inſtead 
water, in a tube about a foot and a half long; upon drawing down 


e quick- ſilver as low as poſſible, and letting in the external air, we 
Pound, that ſome lurking particles of air were got up to the top of the 
be, and hinder'd the quick-ſilver from riſing to that height again. And, 
© the mercury were, by this means, brought to appear as a very cloſe 


linder; yet the air, in the receiver, being again evacuated, I could per- 


ve ſeveral little bubbles faſten'd to the inſide of the tube, near the bot- 
Im. And, having purpoſely watched one or two of the principal, Job- 
PS, that tho? they grew gradually bigger, as the ſurface of the mer- 
Wrial cylinder fell nearer to them; ſo that, at length, they ſwell'd to a 
nſiderable bulk; yet, upon letting in the air, they did not break, but 
Peſently ſhrunk up, till they became inviſible. 


Hence, it ſeems highly probable, that, even in the cloſeſt, and moſt 


Wnderous liquors, and therefore, much rather in water, there may lurk 
Wdiſcernible parcels of air, capable, upon the removal of the preſſure of 


> atmoſphere, and that of the liquor wherein it lurks, to produce con- 
Icuous bubbles. 18 


From theſe ſeveral particulars, it ſeems plain, that the bubbles we have 


dg en treating of, were produced by ſuch a ſubſtance, as may be properly 
0 1 ough call'd air; tho' we do not, poſitively, determine, whether air be 
int drimogenial body, that cannot be generated, or turn'd into water, or 
ben other body. This ſeems an important queſtion, and might greatly 
we0- Induce to explain the nature of the air. 
rn, (0 Many naturaliſts eſteem the air to be ingenerable, and incorruptible ; ether air 
dein, U plauſible reaſons may be drawn, to countenance this opinion, from my he genera- 
cn permanency required in the corporeal principles of other bodies. Schot- e wed 
, ne tells us, that, in the Muſeum Kircherianum, there is a glaſs, near 
] ſeven f full of ordinary ſpring-water, which, having been hermetically ſeal'd 
rs, WIS by the famous Clavius, is, to this day, preſerv'd not only clear and 
$ its re, but without, in the leaſt, turning into air, tho? it has ſtood for 
y years, 

Lor doth it appear, in thoſe glaſſes which are hermetically ſeal'd for 
king! Wy mical uſes, that the included air, during its long impriſonment, not- 
magi thſtanding the alteration it receives from various degrees of heat, diſ- 
befor nibly alters its nature; whilſt we plainly perceive, in digeſtions and di- 
the e bations, that, tho' water may be rarified into vapours; yet it is not, 


appel ly, changed into air, but only divided by heat, and diffuſed into very 
the vu ute parts; which, meeting together, preſently return to ſuch water 
they conſtituted before. And even ſpirit of wine, and other ſubtile and 
t. by e ſpirits, tho? they readily fly into the air, and mingle with it, do 
en the glaſſes of chymiſts, eaſily reſume the form of liquors, 505 - 
volatile 


PxzvnaTIcs volatile ſalts, tho* they will readily diſperſe themſelves in the air, wy 
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play up and down the capacity of a receiver; yet, after a while, yg, 
themſelves to the inſide thereof, in the form of ſalts. 

And the experiment made in our engine, with a piece of match, ,, 
to ſhew, that even thoſe light and ſubtile fumes, into which the fire jg 
ſhatters dry bodies, have no ſuch ſpring as that of the air; ſince th 
were unable to hinder the expanſion of the air, included in a bladder ih 
ſurrounded. Joſepbhus Acoſta, indeed, tells us, that he faw, in the 5% 
Indies, ſome grates of iron ſo ruſted and conſumed by the air, thay, 
metal crumbled between the fingers, was like parch'd ſtraw, Vara 
alſo, tells us, that in the iſlands call'd Azores, the Air is fo ſharp, x, 


a ſhort time, to fret not only iron-plates, but the very tiles upon 6 „ w! 
roofs of houſes, and reduce them to duſt. But it may be ſaid, that th was! 
authors aſcribe ſuch effects, chiefly, to the winds; and that the co, wo 
ſion of the iron may proceed not from the air itſelf, or any of hg theſe 
nuine parts; but from ſome ſaline corpuſcles diſperſed thro? it, and, Met o. 


ven, by the winds, againſt the bodies it is preſumed to fret. 

But, to try whether water could be turn'd into air, we fill{ y 
-eolipile therewith ; and placing it upon kindled coals, when the heat fer; 
out a vehement ftream of aqueous vapours, we ty'd an empty blade 
about the neck of it; and finding the æolipile, after a while, to bloy x 
4 the bladder, we carefully ty*d it again, that the included ſubſtance niz 
not get away. Then ſlipping it off from the æolipile, we convey 
into our exhauſted receiver, and found, that the included ſubſtance 
panded to a much greater bulk than before. And, having again ul 
out the bladder, we ſuffer*d it to remain ty'd up till the next moni 
when it appear'd little leſs tumid : but, upon repeating the experimen, 
found it very difficult to make it ſo accurately, as to ſhew, that ur 
may be rarify*d into true air. | 

On the other hand, we found, by experience, that water, rarify\ut 
vapour, may, for a while, reſemble the elaſtic power of the air. Fu, 
you fill a convenient zolipile with water, and lay it upon quick. coal in 

may, after a while, obſerve ſo great a preſſure of ſome of the parts, & 
tain'd in it, upon others; that the water will, ſometimes, be throm 
into the air, above three or four feet high. And, if you then take 
zolipile, almoſt red-hot, from the fire, you may perceive, that the wit 
will, for a conſiderable time, be ſpouted out in a violent ſtream. Au 
if there remains bur little water in the æolipile, when *tis thus taken in 
the fire; immerſing the neck of it into cold water, you will find, tid 
after it begins to draw ſome of it in, there will be generated, from Ut 
to time, many large bubbles in that water wherein the neck was plug 
Thefe bubbles ſeem manifeſtly to proceed from hence, that, ſo 
while, the heat, in the æolipile, continues ſtrong enough to rarity pil 
the water that is ſuck'd in, and expel it, in the form of vapours, 1 
that incumbent on the pipe. If, alſo, when the æolipile is almoſt ful 
water, you hold a fire-brand in that ſtream of vapours which idee 
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the narrow mouth thereof, it will be very ſtrongly blown with a con- Px>vMarics 


-rible noiſe. And it has been obſerved, that, by placing the brand 
oft at the mouth of the æolipile, the wind appear'd more vehement, 
in if it were held ſome inches from it. 

FThe elaſtic power of this ftream, indeed, ſeems manifeſtly owing to the 
did winds ſeem to be but water broke into little parts, and put in mo- 


ours condenſing thereon, will preſently cover that body with water. 


two tranſverſe partitions CD, and EF, perforated like a ſieve; under 


ight be convey*d more pure thro? the pipe A: but to render the air 
ill more pure, we made a ſpiral tube of lead QR, and inſerted it in- 


WrifceZ, as dry as if it had come out of an oven.“ 
ow, it the wind that blows the organ here, doth not, upon the ceſ- 


in ater, ſhould be able, in ſo ſmall a quantity of water, as ſeems here em- 


no heat intervenes, perhaps, motion alone, if vehement, may ſuf- 
o break water into very minute parts, and make them aſcend up- 
, if they cannot, otherwiſe, more eaſily, continue their agitation. 


"0 1 nly ſtraitned by two rocks, exceedingly; near each other, that rapid 
che daſhing, with great impetuoſity, againſt them, breaks part of its 
„ e ſuch minute corpuſcles, and gives it ſuch a motion, that a miſt, 
ken fm Ne. and aſl . . 8 . . = 

5d, © cending high into the air. But, it ſeems odd, that aqueous 
rom in urs ſhould, like a-dry wind, paſs thro* ſuch a long winding pipe of 


8 plungs 
at, id 
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noſt full 


h 1(ſues0 


cold, condenſed'into water. | _—_— 8 
1 a clear glaſs bubble, capable of containing three ounces of wa- 
itn a long and wide cylindrical neck; this we fill'd with oil of vitri- 


ſmall 


it chat expands, and agitates the aqueous particles thereof; and ſuch. 
1; fince, by holding a folid, ſmooth, and cloſe body againſt it, the 


Hut Kircber relates a remarkable experiment, which ſeems to ſhew, that 
Teer is convertible into air. He tells us, that he made an hydraulic or- 
g, which was ſupplied with wind after the following manner. There Fig. 35. 
was built a little chamber A H, five feet high, and three broad, with 


eſe ran a pipe G, which carried the water that, by a ſtop-cock. was 
Det out at H: the water, therefore, ruſhing in violently at G, excited. 


very great wind within; which bringing too much moiſture along 
ith it, the partitions were contrived to purge it therefrom, that it 


Wo the veſſel S: by which means the air arrived at the organ, thro' the 


pn of its unuſual agitation, gradually relapſe into water, I ſhould. 
Poely ſuſpect, that 'tis poſſible for water to be eaſily turn'd into air; 
We can ſcarce ſeem probable, that ſo little air, as is commonly contain'd 
d, to make ſo violent a wind as our author ſpeaks of. I, therefore, 


ct that the wind, in this caſe, may be produced by ſmall particles of 
vater itſelf, forcibly expell'd out of the chamber into the organ. And 


I remember, that betwixt Lyons and Geneva, where the Rhone is 
were, may be obſerv*d at a conſiderable diſtance, ariſing; from the 
a that deſcribed by our author; ſince we fee, in the heads of ſtills, 


n the necks of zolipiles, ſuch vapours are preſently, even by a very 


nd fair water, of each almoſt a like quantity; and caſting in fix 
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P<zvmATICS ſmall iron hails, we ſtopt the mouth of the glaſs, which was noy ful 


bottom and ſides of the glaſs ; and, increaſing as the air was drawn In 


— — 
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liquor, with a piece of diapalma, and ſpeedily inverting the bubbly 
put the neck of it into a ſmall wide-mourth'd glaſs, with more of the fa 
liquor in it; and as ſoon as th» neck had reach'd the bottom of thi 
quor, there appear*d, at the upper- part of the vial, a bubble, about 
bigneſs of a pea, which ſeem*d rather to conſiſt of new ſmall bublly 
produc'd by the action of the diſſolving liquor upon the iron, than m 
parcel of the external air, that might be ſuſpected to have Tot in hn 
the inverſion of the glaſs; eſpecially ſince we allow'd time to thoſe jp 
particles of air, which were carried down with the nails, to fly up agk; 
and, ſoon after, we perceiv*d the bubbles, produc'd by the action of 4 
menſtruum- upon the metal, aſcending in ſwarms to the former; 3 
breaking into it, they ſoon exceedingly increas'd it, and, by degrees t 
preſo'd the water, till, at length, the ſubſtance contain'd in theſe bubi 
poſſeſs'd the whole cavity of the vial, and moſt of its neck too; rech 
much lower therein, than the ſurface of the ambient liquor, where 
the open-mouth'd glaſs was, by this means, almoſt repleniſh'd, Wei: 
fer*d both the vial, and the open-mouth'd glaſs, to remain as they wr 
in a window, for three or four days and nights together; but often ll 
ing upon them, during that time, as well as at the expiration of it, 
whole cavity of the glaſs bubble, and moſt of its neck, ſeem'd to be 
ſeſs'd by air; ſince, by its ſpring, it was able, for ſo long, to hinders 
expell'd liquor that ſurrounded it, from regaining its former place. 4 
uſt before we took the vial out of the other glaſs, upon the appliais 
of a warm hand to the convex part of the bubble, the impriſon' is 
ſtance readily dilated itſelf, like air, and broke thro? the liquor in {ri 
ſucceeding bubbles. 

Having alſo, at another time, made the like experiment, with {ml 
vial, and nails diſſolv'd in Aqua fortis, we found it ſucceeded ate. 
going. And here we obſerv*d, that the ſteams newly generated, dd 
only poſſeſs almoſt the whole cavity of the glaſs, but ſeveral tine, 
themſelves, broke away in large bubbles, thro* the ambient 1iquor 
the open air; whence theſe experiments ſeem*d, manifeſtly, to p 
that, in general, air may be generated de novo. 4 
And if, according to the mechanical hypotheſis, the difference of vs 
proceeds but from the various magnitudes, figures, motions, and cctv 
of the ſmall parts they conſiſt of; there appears no reaſon why the mid 
parts of water, and other bodies, may not be ſo agitated, or conn 
as to deſerve the name of air. 79 
224. We choſe a elaſs-egg, half an inch in diameter at the top, 20 

inch at the bottom; and filling it with common water, to the bei 
about a foot and a half, fo that the upper part remain'd empty, F 
cloſed it in the receiver; and, upon pumping, obſerved bubbles 


they, from time to time, plentifully aſcended to the top of the wathW 
they quickly broke; but the wideneſs of the glaſs allowing them 
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ard to have loſt of its firſt extent, by the avolation of the air inter- 


rſed. . 3 ; 
We put about two ounces of rain-water, carefully diſtilled, into a 


ond glaſs- bubble with a very ſmall neck, which was thereby fill'd half way 


dhe top, and then conveyed 1t into the receiver; and, tho? we drew out 
re air than ordinary, there appear*d not the leaſt intumeſcence of the 


ater, nor any aſcending bubbles. But ſuſpecting that either the ſmall 


antity of the water, or the figure of the veſſel, might affect the experi- 


ent, we took the former glaſs egg, and another, not much different from 


and fill'd the firſt, with diſtill'd rain-water, to the old mark, and into 
e latter, put a long cylinder of ſolid glaſs, to ſtraiten the cavity of the 
ck; and then pouring ſome diſtill'd water into that alſo, till it reached 


| ar the top, they were both let down into the receiver : but here the air 
Ws ſo far exhauſted, before there appear'd any bubble in either of the 


Wes, that the difference betwixt this and common water, was very ma- 

feſt. But, at length, when the air was almoſt quite drawn out, the bub- 
Ws began to diſcloſe themſelves, and to increaſe, as the preſſure of the air, 
che receiver, decreaſed. But, in the firſt egg, the bubbles were very 
Wall, and never able to ſwell the water above the mark; in the other, 

hoſe neck was ſtraitned, great numbers of large ones faſten'd themſelves 
che lower-end of the ſolid piece of glaſs, and gather'd to ſuch a degree, 
een it and the ſides of the neck, that the water ſwell'd a finger's 
Wecadth above the mark, tho', upon admitting the external air, it relaps'd 


the former mark, or rather fell below it: upon which, all the bubbles 


Welently diſappear'd in the former veſſel ; whilſt ſeveral remain'd faſten'd 
the lower-part of the glaſs cylinder, and continued there for above an 
ur after, but contracted in their dimenſions, 

And having ſuffer*d theſe glaſſes to remain above twenty-four hours in 
receiver, we, afterwards, repeated the experiment; but tho? the recei- 
was carefully exhauſted, yet we ſcarce ſaw a bubble in either of the 

aſſes; yet the water roſe the breadth of a barley-corn in the neck of that 

s wherein the ſolid cylinder had been placed; the liquor, in the other, 
t being ſenſibly ſwelled. And, laſtly, upon letting in the air, the wa- 


ou ſtraitned neck, ſoon ſubſided to the mark, above which it had 
etched. 


25. We took a glaſs egg, with a long neck, of about; inch in diameter, z, 
d pouring in ſallad- oil till it reach*d above half way to the top, we in- ain 


led it in the receiver, together with ſome common water ina fimilar veſſel. 
de pump being ſet on work, there began to appear bubbles in the oil, 

ch ſooner than in the water; and afterwards they, alſo, aſcended more 
ntifully in the former, than in the latter; and when the receiver was 
ll exhauſted, the bubbles aroſe almoſt as numerous as ever: ſo that none 
the various liquors, we have try'd, ſeem'd to abound more with aerial 
cles, than this oil. And here *twas remarkable, that between the time 
Vo I. II. K k k it 
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Tie thro? the water, they did not, as in the former experiments, ſeem Pan 
#4 make it ſwell ; and upon the return of the external air, the water ap- 


air con- 
4 in oil. 
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PxzUMATICS it was put into the receiver, and that before we could work the pump, k 
ſubſided about half an inch below the mark it at firſt reach'd to. A 


Oil of turpen- Common oll of turpentine, being put into a ſmall glaſs bubble with R In 
tine. ſlender neck, ſo as to fill it about two inches from the top, preſented u; while 
upon evacuating the receiver, with numerous bubbles; moſt of which, f. being 
ſing from the bottom, expanded themſelves exceedingly in their aſcent and great 
made the liquor, in the neck, to ſwell ſo much by degrees, that at length uppe 
it ſeveral times ran over at the top: whereby we were hindered from te hic 
cerning, upon letting in the air, how much the ſinking of the oil, beloy hemi 
the firſt mark, was due to the receſs of the bubbles. the lc 
Oil of tartar. Having filled a glaſs egg with a very ſtrong ſolution of ſalt of tartar i rt of 
fair water; tho' this, except quick-ſilver, is reckon'd the heavieſt of . Laſtl 

quors; we try'd, whether it would afford any bubbles; and putting u tine, 

into the receiver, along with other liquors, we found that they yield Me 

many bubbles, long before any appeared in that: and upon proſecuting ere. 

the experiment, it ſeemed, of all the liquors whereof we made trial, thi a 

afforded the fewelt and ſmalleſt bubbles. Ws 

Spirit of vine- Spirit of vinegar, examined after the ſame manner, exhibited a mode ben. 
gar, _ rate quantity of bubbles. In red wine, we found nothing very remarkx i Jy 
and mils. ple: for tho? upon the exſuction of the air, the bubbles aſcended in it, » AR 244 
it were in ſhoals, and ſhifted places, among themſelves, in their aſcent; ju egula 

the intumeſcence of the whole bulk of the liquor was ſcarce ſenſibl:; th | andu 

bubbles moſt commonly breaking very ſoon after their arrival at the toy; Wi ny 

where during their ſtay, they compoſed a kind of ſhallow froth, which, » ® Fr 

lone, appear*d higher, in the neck of the glaſs, than the wine, when! wr ng 

was firſt let down. Milk conveyed into our receiver, preſented us wii Wl be 8 

nothing conſiderable, except that the bubbles, not eaſily breaking at th hl 

top, and thruſting up one another, made the intumeſcence appear mud 7 

greater than that of common water. * 

Fees. We likewife convey'd hens eggs into the receiver, but after the ex{uctm * 2h : 
of the air, took them out whole again. ain 

Spirit of urine We put ſome ſpirit of urine into a glaſs egg, fill'd another glaſs to abu . it, 
and of wine. two thirds of its neck, with rectified ſpirit of wine, and a third with com. Inly it 
mon water, till it reach*d to the middle of the neck, and then poured to: Wl Un 

of the ſame ſpirit of wine, till it reach'd about an inch higher. Theſe glalks, Action 

having marks ſet on them, over againſt the tops of the contain'd 11quory, indou 

were put into the receiver, and that beginning to be evacuated, bubbls n the e 

began to appear in all three. The mixture of ſpirit of wine and wat? 26, \ 

diſcloſed numerous bubbles, eſpecially towards the top, and the ſpirt d K 26 

urine appear'd to ſwell near an inch and a half above the mark, and iel al mix 

plenty of bubbles, which made a kind of froth at the upper part of it; od b 

above that, there appear*d eight or ten great bubbles, one higher than & outh'd 

nother, each of them conſtituting, as it were, a cylinder of about half en to the! 

inch high, and as broad as the internal cavity of the neck; ſo that all the it as w 

upper part of the neck ſeemed to be divided into equal parts, by _ Ir mo! 

yer 
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rtitions, conſiſting of the coats of the bubbles, whoſe edges ap-Pxzvmarics 
ie ſo many rings, ſuſpended one above another. 222 A 
In the ſpirit of wine, there aroſe a great multitude of bubbles, all the 
while the experiment was in hand, whichaſcended with a great velocity, and 
being arrived at the top, made no ſtay there; yet, notwithſtanding the 
great fluidity and volatility of the liquor, before they broke they lifted up the 
upper ſurface of it, and for a moment ortwo, formed thereof, a thin film, 
which appear'd protuberant, above the reſt of the ſuperficies, like a ſmall 
hemiſphere: theſe alſo aſcended in ſtrait lines, whilſt thoſe produced ar 
the lower part of the veſſe], containing the mixture of the water and ſpt- 
rit of wine, aſcended with a wavering motion, deſcribing an indented line. 
Laſtly, it was obſervable in the ſpirit of wine, as alſo in the oil of turpen- 
dne, lately mention'd, that not only the bubbles ſeem'd to riſe from deter- 
vinate places, at the bottom of the glaſs; but that, in their aſcent, they 
et an almoſt equal diſtance from each other, and ſucceeded in a certain 
order, whence they ſeem'd part of ſmall bracelets, conſiſting of equally 
mall ſeparate beads ; the lower end of each bracelet being, as it were, 
W:tened to a point, at the bottom of the glaſs. 

W The air being ſparingly let into a receiver, the great bubbles incumbent 
pon one another, in the glaſs that contain'd the ſpirit of urine, were by 
egular degrees leſſen'd, till at length they wholly ſubſided. Notwith- 
landing the receſs of ſo many bubbles as broke on the top of the ſpirit of 
ine, during all the time of the experiment, yet it ſcarcely appear'd at all 
Wſunk below the mark. Nor did the mixture of ſpirit of wine and water 
onſiderably ſubſide. But the ſpirit of wine, not only viſibly expanded it- 
elt in the neck of the veſſel, that contain'd it, whilſt the bubbles broke at 
Whe top of it, almoſt as ſoon as they arrived there; but upon the re- admiſ- 
ion of the external air, it retain*d its new expanſion. And, tho? we let it 
Plone, for near an hour together, yet when we took it out, it ſtill ſwell'd 
etween a quarter and half an inch above the mark. Repeating the experi- 
nent with freſh ſpirit of wine, it ſwell'd in the neck as formerly; and 
Weaving it all night in the receiver, and allowing free acceſs to the external 


avout Ir at the ſtop-cock, 1 found it, the next day, ſtill expanded, as before ; 
coc dnly it ſeem'd a little lower; which decreaſe, perhaps, proceeded from the 
= WW" olation of ſome of the fugitive parts of the liquor. And for farther ſatiſ- 
alles, 


action, having taken out the glaſs, and conſider'd it in the open air at a 


quors, indow ; I could not find, that there was any remaining bubble to occaſi- 
ubols WWW the continuance of this ſtrange expanſion. : 
water 26, We took two very ſmall vials, of the ſize and ſhape expreſſed in 73- gravity of 


| g. 36. and into one of them, put ſo much of a certain ponderous mercu- air expanded 

iche al mixture, that, the mouth being ſtopp'd with a little ſoft wax, the glaſs er water. 

ſould but juſt ſink in water: this we let fall to the bottom of a wide- 

than * outh'd cryſtal jar, fill'd with about half a pint of common water; and 

to the ſame veſſel, we ſunk the other glaſs, unſtopp'd, with as much water 

it as was more than ſufficient to make it ſubſide. Both theſe ſunk with 

ner mouths downwards; the former being about three quarters full of air, 
K k k 2 : and 
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Puma ries and the latter containing in it a bubble of air as big as half a pea; the 


Jar. 
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the wide · mouth'd glaſs was let down into the receiver, and the engine b. re « 
ing work'd, the bubbles began to appear in the water, as in the formers * 
ä i 


periments; but continuing long to ply the pump, that little glaſs, why f 
mouth was open'd, came to the top of the water; being, as it were, buon pt) 
ed up by a great number of bubbles, that had faſten'd themſelves toit 1 


ſides of it; and ſwimming thus, with the mouth downward, we couldef 1 Yu 
ly perceive, that the internal air above-mention'd, had much dilated j, 0p 
ſelf, and thereby ſeem'd to have contributed to the emerging of the gli 5 
which remain'd floating, notwithſtanding the breaking, and vaniſhing, 4 ry 


moſt of the contiguous bubbles. And perſiſting in pumping, we obſer; 
that at each time the key was turn'd, the air, in the little glaſs, mari. A. 
ly expanded itſelf, and thruſt out the water; generally retaining a yer - 
protuberant ſurface, where it was contiguous to the remaining vin 
And when, after ſeveral exſuctions of the air in the receiver, that in the 
vial ſo dilated itſelf, as to expel almoſt all the water, it turn*d up its may! 
towards the ſurface of the water in the jar, and there deliver'd a large hy 
ble, and then relaps'd into its former floating poſture. 

This experiment taught us, that it was a work of more time and! 
bour, than we imagin'd, to exhauſt our receiver as much as it may beg; 
hauſted ; for tho? before the ſmall vial emerged, we thought the receie 
conſiderably emptied, becauſe there ſeem'd to come but very little x 
at each exſuction, out of the cylinder; yet, afterwards, the air incl 
in the vial, manifeſtly dilated itſelf upon each ſtroke, ſo long, that 
nine times it turn'd its mouth upwards, and diſcharg'd a bubble about 
bigneſs of a pea. But that vial which had the weight in it, roſe nt: 
all: then leiſurely letting in the air, that within the vial ſhrinking in 
a very narrow compaſs, the glaſs fell down to the bottom ot 


But being deſirous to try once more, whether the little glaſ ii 
the weight in it, might not alſo be rais'd; after we had ſuffer'd then 
gine to remain clos'd, as it was, for five or ſix hours, the pump ws} 
gain ply*d ſo vigorouſly, that not only about the upper-part of they! 
there appear*d a large number of ſmall bubbles; but afterwards, tit! 
came from the bottom of the jar, ſome as large as ſmall peas, which, !: 
pump being ſtill kept going, follow'd one another, to the number of fo 
coming from the ſtopp'd vial ; whoſe mouth, it ſeems, had not been ſu" 
cloſely, but the included air found a paſſage betwixt the wax and 8 
glaſs. After this, the unſtopp'd glaſs began to float again; the air ſhui 
in it, being ſo dilated as to expel a large part of the water, but not! 
much as to break quite thro'. And, at length, the heavier of thei 


vials began to riſe, but immediately ſubſided again: which ſeem'd f receiv: 
to the air within it, whoſe bulk and ſpring being weakned by the from: 
of the forty bubbles, it was no longer able to break thro* the incumbe include 
water; but forming a bubble, at the mouth of the glaſs, buoy d it uit left 


wards the top, and there getting away, left it to ſink again; till the y F tion of 
2 l 35 
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is permitted to ex nd itſelf farther, and create another bubble, by 

Fhich it was again, for a while, carry'd up. And though, after having 

pty'd the receiver as far as we well could, we ceaſed from pumping ; 

t the veſſel, continuing more ſtanch than uſual, this aſcent and fall of 

S - vial were repeated to the ninth time; the included air, by reaſon of 

e ſmallneſs of the vent at which it muſt paſs out, being not able to get 

ay, otherwiſe than by ſmall degrees, and, conſequently, in ſeveral ſuch 

0 Arcels as were able to conſtitute bubbles, each of them big enough to raiſe 

0 De vial, and keep it ſuſpended till the bubble flew off. Hence it may 

Wpear, that a body lighter than an equal bulk of water, will float in that 

id, when the preſſure of the atmoſphere is, in very great meaſure, ta- 

n off from the liquor and the body: tho? it were worth inquiring what 

is that ſo plentifully concurs to fill the bubbles made in our experiment, 
the air ſo much expanded. 

ln this experiment, as in the former, the external air being let in, ſoon 

Wecipitated the floating veſſel. And the water which, in the heavier vial, 


Which, at ſeveral times, got out of it; was of a very inconſiderable 
k. 


thought proper to try if a pendulum would move faſter, or vibrate 
ger, in our exhauſted receiver, than out of it. We therefore took 
d round poliſhed ſtee]-pendutums, of equal bigneſs, each of them weigh- 
twenty drams, bating ſo many grains. One of theſe we ſuſpended in 
cavity of the receiver, by a very ſlender ſtring, about ſeven inches and 
Walt in length, from the cover of the receiver whereto it was faſten'd. 
en we made the pendulum ſwing, and, counting the returns of the 
Wer that hung in the open air, by a ſtring about the ſame length, we 


rten'd and lengthen'd this, till it appear'd to keep the ſame pace with 
wa if in the receiver. Then, having carefully drawn away the air, we 
the in made the pendulum in the receiver vibrate; and, giving to the other 
the a motion, as caus'd it to defcribe an arch, apparently equal to that 


he included pendulum, we counted the recurſions of both; and we 
on'd two and twenty vibrations of the included pendulum, whilſt but 


1 ſhut! nty were obſerv*d of the other. And at another time, alſo, the for- 
and tt was found to have made twenty-one returns, whilſt the other made 
ſhuth twenty. Yet this experiment ſeem'd to teach us little, except that the 
not erence betwixt the motion of ſuch a pendulum, in common air, and in 


dium exceedingly rarify'd, is ſcarce ſenſib e in veſſels no bigger than 
receiver; eſpecially, ſince we could not ſuppoſe that to be altogether 
from air. We obſerv'd, alſo, that when tie receiver was full of air, 
ncluded pendulum continu'd its recurſions about fifteen minutes, be- 
mL At left off ſwinging ; and that, after the exſuction of the air, the vi- 
| the s p tion of the ſame pendulum appear'd not to laſt ſenſibly longer. 


28. That 


Wcceeded in the room of thofe forty, or more, great bubbles of air, 
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e of che air in the receiver, being farther taken off, the air, in the vial, Pie. 


27. It having been obſerv'd, that pendulums vibrate more flowly, and & pendulun 


t their motion ſooner ceaſes in a thicker, than in a thinner medium ; my to froing 
cuo. 
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Pxzomarres 28. That the air is the medium whereby ſounds are convey'd ng 


N a ear, was a current opinion, till ſome pretended, chat if a bell, jj, 
Zell in the ex- ſteel clapper, be faſten'd to the inſide of a tube, upon making the err 
haufted recei- ment de vacuo, with it, the bell remaining ſuſpended in the deſerteq fr 
der. at the upper end of the tube; if a vigorous load- ſtone be apply% 
the outſide of the glaſs, it will attract the clapper; which, upon i; 

moval of the load-ſtone, falling back, will ſtrike againſt the bel, , 

thereby produce a vey audible ſound : whence, ſeveral have concly 

not the air, but ſome more ſubtile body, to be the medium of ſound z, 

ſuſpending a watch, freed from its caſe, in the cavity of our receive, 

a packthread; and then, cloſing up the veſſel with melted plaiſter, , 


liſten'd near the ſides of it, and plainly heard the balance beat, aua 


ſery*d, that the noiſe ſeem*d to come directly in a ſtreight line, cn 
watch to the ear. We found, alſo, a manifeſt difference in the noiſe, . 
holding our ears near the ſides of the receiver, and near the cover ( j 
which ſeem'd to proceed from the difference between the glaſs, the c 
and the cement, thro* which the ſound was propagated. But, upon vn 
ing the pump, the ſound grew gradually fainter ; ſo that, when the, 
ceiver was emptied as much as uſual, we could not, by applying j 
ears to the very ſides of it, hear any noiſe from within; tho? we codes 
fily perceive, that, by the motion of the hand which mark'd the ſec; 


and by that of the balance, the watch neither ſtood ſtill, nor ſcent; a 


regular. And, to ſatisfy ourſelves farther, that it was the abſence of 
air about the watch, that hinder'd us from hearing it, we let in then 
ternal air at the ſtop- cock; and then, tho? we turn'd the key, and f 
the valve, yet we could plainly hear the noiſe made by the balance; i 
we held our ears, ſometimes, at the diſtance of two feet from the ou: 
of the receiver. And this experiment, being repeated, ſucceededit 
the like manner: which ſeems to prove, that the air is, at leaſt, the 
cipal medium of ſounds. And, by the way, it is very well worth nous 
that, in a veſſel ſo exactly cloſed as our receiver, ſo weak a pulſatin: 
that of the balance of a watch, ſhould propagate a motion to the ea i 
ſtreight line, notwithſtanding the interpoſition of glaſs, fo thick ast 
our receiver. We afterwards took a bell of about two inches he 
ameter at the bottom, which was ſupported in the midſt of the cavity! 
the receiver by a bent ſtick, preſſing with its two ends againſt the opp 
fire parts of the inſide of the veſſel ; which, being cloſed up, we obſem 
the bell to ſound more dead than in the open air. And yet, when" 
had emptied the receiver, we could not diſcern any conſiderable chang! 
the loudneſs of the ſound : whereby it ſeem'd, that tho? the air be 
principal medium of ſound; yet either a more ſubtile matter may bel 
a medium of it; or elſe that an ambient body, that contains but few parti 
of air, is ſufficient for that purpoſe. Whence, perhaps, in the above. m 
tion'd experiment, made with the bell and the load-ſtone, there might, 
the deſerted part of the tube, remain air enough to produce a ſound. 
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eyacuated receiver, the noiſe made by the flint, ſtriking againſt the 
| was exceeding languid, in compariſon of what it would have been 
e open air: ſo, on ſeveral other occaſions, it appear'd, that the 
ds produced there, if they were not loſt, ſeem'd to arrive at the ear 
much weakned. 


is kept, remains ſtopp'd, appears tranſparent, as alſo the upper 
W of the glafs, to which the liquor reacheth not; but as ſoon as ever the 
ple is taken out, and full acceſs given to the external air; both the un- 
part of the cork, and the liquor itſelf, preſently ſend upwards, and 
ee ea fume, as thick and white, as if a quantity of alabaſter-duſt were 
wn up into the air. And this ſmoking of the liquor laſts, till the vial 
opp'd again; and then the aſcent of the fumes ſuddenly ceaſes. 
Wo a vial of this fuming liquor, we faſten'd a weight of lead; and, 
Wng ty'd to the ſtopple one end of a ſtring, whilſt the other was made 
Wro the cover of the receiver, the liquor was carefully cloſed up; and 
ir being diligently pump'd out, we unſtopp'd the vial. And tho' im- 
Wiatcly upon drawing out the cork, there appear'd ſome white fumes, 
h ſeem'd to proceed from the air being impriſon'd in the vial, and dif- 
o itſelf ſuddenly into the receiver; yet we afterwards obſerv*d, that 
umes did not mount and diſperſe themſelves, as they uſed. to do in 
pen air; but, aſcending to the lip of the vial, they ſtopp'd there, and 
oon along the outſide, and thence along an inclining piece of lead, 
WS hich the vial reſted, like a little ſtream, that quitted not the vial, till 
come to the bottom of it, and there forſook it, like a ſtream of wa- 
f the ſame bigneſs. Then letting in ſome of the external air, the ſtream 
a-freſh, tho? not altogether ſo large: and after the receiver was fill'd 
air, I found, to my ſurprize, that tho? the ſtream diſappear*d, yet 
ite fumes aroſe, either from the cork or out of the vial ; no, not 
che cover was removed from the receiver: tho? after a while there 
ed white fumes from the receiver. But having immediately taken out 
ial into the open air, it emitted white exhalations as before; and 
g preſently after unſtopp'd it in an open window, we found both it 
he cork immediately yielded a much more plentiful ſmoke z tho? it 
now ſeveral years ſince this parcel of liquor was prepared. 
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ve half of che receiver, in a darkiſh body; leaving the upper half tranſ- 


e, we took it out, and immediately cloſed the receiver again, that 


d. contain'd this ſmoke, ſometimes to one ſide and ſometimes to the 


ve obſerv'd the fume to keep its ſurface almoſt horizontal, as wa- 
rer, 


ibu t, and, as to ſight, full only of clear air. And inclining the veſſel 
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jut as in making the experiment of firing gun - powder with a piſtol in? e 


9. We have a liquor which, tho? moſt of its ingredients be metals, and A /uming li. 


r them ponderous, is yet of ſuch a nature, that, whilſt the vial where- 33 the re. 


. Into one of our ſmall receivers, we convey'd a piece of well-lighted Smoke in va- 
W'; and letting it remain there till it had fill'd the receiver with cuo- 


oke might not get away. Then ſtaying to let theſe fumes letſurely - 
Le, we found, that after ſome time, they ſettled themſelves in the 


PazUMATICs ter, or any other liquor, would have done in the like caſe, And i, by 


The cobefien of 31. It hath been thought ſtrange, that the perfectly poliſh'd ſurſacs 
poliſbd mar- two flat pieces of marble being apply*d to each other, they ſhould ſti 
bles in vacuo. faſt together, that the lower may be raiſed by taking hold of the at 
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quicker rocking of the engine, the ſmoke were more ſwiftly ſhake,” 
would, like water, either vibrate from one ſide to the other of the 4 

or elſe have its ſurface manifeſtly curl'd, like waves, and preſerye It) 
in an entire and diſtinct body from the incumbent air; and, being r. 
mitted to reſt a while, would ſoon recover its former ſmooth and |» 
ſuperficies. If, alſo, the key were turn'd, and the valve unſtopp',; 
that there was a free paſſage open'd betwixt the external air and then 
vity of the receiver; then would ſome of this ſmoke fall down, as it ys 
in a ſtream, into the ſubjacent cylinder; and a proportionate quantiy; 
the outward air, would manifeſtly aſcend thro' it into the incunjy 
air; after the ſame manner, as when a vial, with a long neck, filbd x; 
red wine, being inverted into a glaſs of fair water, che water and un 
by degrees, mix, as it were, in little curl'd ſtreams with each other; f 
one falling down, and the other aſcending in its place. And if, whe 
ſuperficies of our ſmoke lay ſmooth and horizontal, a hot iron were je 
near the outſide of the receiver; the adjacent part of the included fim 
being rarify*d by the heat, would readily aſcend in a large pillar of ſm 
to the very top of the receiver; yet, without ſeeming to loſe its dia 
ſurface, or to be confounded with the air, below which, upon the rx 


ge air 
of the adventitious heat, it would again ſubſide. hy the 
Since then there is ſo vaſt an inequality in the denſity and weigt e air 
liquors; we may conſider the atmoſphere as a peculiar kind of thinfli ble to 
much lighter than ſpirit of wine. And as waves appear'd upon the ed c: 
face of our agitated ſmoke; ſome ſuch thing may, poſſibly, happac is ma 
the ſuperficies of the atmoſphere: as may be conjectur*d frem thoſe tru n whe 
inequalities that often appear, eſpecially when the air abounds witts ved, 
halations and vapours, upon the limb of the ſun in its riſing and g s, or 
And if this phenomenon be owing to the refraction, which the ſun's by th 
ſuffer in our air; *tis eaſy to ſuppoſe the ſurface of the atmoiphere i of hi 


often, as we ſaid, exceedingly curPd or wav'd. And certainly FW braſs 
ſurprizing to ſee how, thro' a good teleſcope, there will not only 7A grou 
inequalities in the edge of the ſun, which often ſeems to. be indented, i founc 
thoſe inequalities vaniſh in one place, and preſently appear in another,s imagi 
ſeem perfectly to move, like waves ſucceeding and deſtroying onew glew, 
ther: only their motion frequently ſeems to be quickeſt ; as ib in along 
vaſt ſea, they were carry*d on by a current or a tide. And this allo 33. O 
pears to the eye, when a large, and well defined image of the ſun, wn or 
the teleſcope, caſt upon white paper. WP cock 
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But, as this ſeems owing to the unequal preſſure of the air upon the 
dermoſt ſtone, the lower ſuperficies of that being freely expoſed iat 
and preſs'd upon by it, whilſt the upper ſurface is defended there 
which, conſequently, preſſing the lower ſtone againſt the upper, hn 
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5 
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rom falling; we therefore conjectur'd, that two marbles, being exactly Pxzvmarics 
ound to one another, and together ſuſpended in our evacuated receiver, 
e lower ſtone would fall from the upper: but we could not procure mar- 
es to be ground ſo true, as to ſuſtain one another in the air for above a 
ute or two, which is a much ſhorter time, than is requir'd to empty our 
eiver. We did, indeed, try to make our marbles {tick cloſe together, 
y moiſtning their ſurfaces with rectified ſpirit of wine; but to little pur- 
Wc; for having convey'd into the receiver two black ſquare marbles, the 
Ne wich its ſide two inches and a third, and ſomewhat more than halt an 
ch in thickneſs, the other of equal ſurface, but not above half ſo thick, 
aned together by means of that ſpirit; and having ſuſpended the thicker 
a ſtring from the cover, we found not, that the exſuction of the air 
Would ſeparate them, tho' a weight of four ounces were falten'd to the 
W wer, to facilitate its falling. 
I would gladly have the experiment try*d with marbles, ſo well poliſh'd, 
to need no liquor to make them cohere, and in a veſlel, out of which, 
e air may be more perfectly drawn, than it was out of ours. But, tho? 
e will not determine, whether the ſpirit of wine contributed to the ſtrong 
pheſion of theſe ſtones, otherwiſe than by keeping the ſubtileſt parts of 
ge air from getting in between them; yet it ſeem'd, that the reaſon, 
hy the lower marble fell not, was, probably, becauſe the preſſure of 


tt e air remaining in the receiver; which, as we formerly noted, being 

Iu! le to ſuſtain a cylinder of water, of above a foot in height, may be ſup- 
(Wd capable of keeping ſo broad a marble from deſcending. And, tho? 

ac Wis may ſeem a ſtrange proof of the ſtrength of the ſpring of the air, e- 

2 n when rarity*d; yet it will ſcarce appear incredible to him, who hath ob- 

66 v*d, how exceeding ſtrong a coheſion may be made, betwixt broad bo- 
es, only by immediate contact. A notable inſtance of this, is given 

5m by the learned Zucchius, who tells us, that a young fellow, bragging 

Jil of his ſtrength, ſome body ſet him to pull at the ring in the middle of a 

I Þraſs-plate, that lay upon a poliſh'd marble, whereto, it was exactly 

112 ground: this he thought a trivial matter; but after his utmoſt endeavour, 
„bound it impoſſible to ſeparate them by direct pulling; which made him 

er, Imagine they were faſtned together, by means of ſome vehement ſtrong 

ne m glew, till he ſaw the plate, afterwards lifted by another, who, firſt ſlipt it 

in (0 along the marble.” 

allo 33. Our receiver being exquiſitely clos'd, and the air in a good meaſure 4» erg pref- 
„sn out, we remov'd it from the pump, and to the lower branch of there exerciſed 


p-cock, ſpeedily apply'd a tapering valve of braſs, made fit to go with e . 


. g . here. 
1 narrower end into the cavity of the branch, and to fill the orifice of that g. zy 
| tid ty with its broader part. And, that the air might not get in at the lit- : 
je up intervals, between the convex ſurface of the ſtopple, and the internal 


n weißes of the branch, they were ſtopp'd with diachy lon. And, to the door 
the the valve, there was, at a button of braſs, faſten'd a broad ſcale, wherein 
ere" isbes were to be put. This done, the key of the ſtop-cock was turn'd, 
„ bac che external air beating like a forcible ſtream upon the valve to get in 
Vor. II. LI there, 
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Pxrvuarict there, it ſuddenly ſhut the valve, and kept it ſo cloſe, that we had tin 


to caſt in ſeveral weights, one after another, into the ſcale, till at length, y, 
weight overpowering the preſſure of the atmoſphere, drew down h 
valve by the ſtrings that ty*d the ſcale to it, and gave liberty to the outun 
air to ruſh into the receiver. Tho', another time, when the valve hadhy 
little weight hanging to it, being, by accident, drawn down beneath wa 
mer place, it was, by the impetuous current of the external air, Cudday 
impell'd up into it again, and kept there. But, in the former experiney 
tho? the receiver were not well exhauſted ; tho? it leak*d whilſt the ref 4 
the experiment was in hand; and tho* the valve, whereon the cylinder 
the atmoſphere could preſs, were not above an inch and a half in-diamey, 
yet the whole weight, fupported by the air, amounted to about ten pon 
of ſixteen ounces each: ſo that, had the experiment been made with fa 
rable circumſtances, the air endeavouring to preſs in, at the orifice ofth 
ſtop- cock, would very probably have kept a much greater weight f 
falling out of it. 


The preſſure of 33. But our pump, alone, may afford us a nobler inſtance of theforq 


the atmoſphere 


computed, 


the air; ſo that, by means of this part of our engine, we may conjettur 
the ſtrength of the atmofphere, computed as a weight. For, firſt, the ſuch 
brought to move eaſily up and down the cylinder, being impelld tots 
top of it, and the receiver taken off from the pump, that the upper a 
fice of the cylinder remaining open, the air may freely ſucceed the ſucks 
and therefore readily yield to its motion downwards; and there btn 
faſten'd to one of the iron teeth of the ſucker, ſuch a weight, as mai 
ſuffice to draw it to the bottom of the cylinder; we may hence find! 
weight neceflary to draw down the ſucker : and when the atmoſphere mi 
the ordinary reſiſtance againſt its deſcent, the ſucker being again foci 
the top of the cylinder, whoſe upper orifice muſt now be exactly ch 
we may eaſily, by hanging a ſcale to the above-mention'd iron, tat 
makes part of the ſucker, caſt in known weights, till the ſucker be ct 
down; then, to theſe weights in the ſcale, that of the ſcale itſelf tri 
added, the ſum will give us the weight of a column of air, equal hd 
meter to the ſucker, or to the cavity of the cylinder, and, in lengti, 
the height of the atmoſphere. ; 


According to this method, we attempted to meaſure the preſſured! q 


atmoſphere, but found it more difficult than we expected, to perfornt 
accurately; for tho*, by the help of the handle, the ſucker mov'd up 
down with great facility; yet, when it came to be mov'd by 2 
weight, we found, that the little inequalities, and, perhaps, the ut 


preſſure of the leather againſt the cavity of the cylinder, now and the 
ſtopp'd the deſcent or aſcent of the ſucker; the? a very little external ies 
would eaſily ſurmount that impediment. We found then, that 4 weights 
twenty-eight pounds, being faſten'd to one of the teeth of the ſuck 


drew it down cloſe, when the upper orifice of the cy linder was left open 5 


by the help of oil and water, and the frequent working of the 195 
E - 
tate 


with the handle, its motion in the cylinder had been before purp® 
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n impell'd up to the top of the cylinder. To the former 
| * — added a hundred and twelve pounds, which forcing down 


e {acker, though but leiſurely, we took off the 28 pound weight, and 


Dee on, inſtead of it, fourteen pound; but found that, with the reſt, un- 


le to carry down the ſucker. And to ſatisfy ourſelves it was the reſi- 


nce of the ambient air, that hinder'd the deſcent of ſo great a weight; af- 


r we had try d, that upon unſtopping the valve, and thereby opening an 


Nees to the external air, the ſucker would be immediately drawn down, 


ving forcibly depreſs'd the ſucker, to the bottom of the cylinder, and 


Wen faſten'd weights to the iron, the preſſure of the external air, finding 
ie reſiſtance, in the cavity of the cylinder, preſently began to impel the 
cker, with the weights that clogg'd it, towards the upper part of 
Pe cylinder, till ſome ſuch accidental impediment, as we formerly men- 


2n'd, check'd its courſe; and when that was remov*d, it would continue 


S: aſcent to the top. And tho', poſſibly, there might remain ſome parti- 
Wes of air in the cylinder, after the ſucker was drawn down; yet the 
Feſſure of a cylinder of the atmoſphere, ſomewhat leſs than three in- 
es in diameter, uncompreſs'd, not only ſuſtain*d, but drove up a weight 


a hundred and odd pounds: for, beſides the weight of the whole ſuc- 


Er itſelf, which amounts to ſome pounds, the weights annex'd to it, made 


>a hundred and five pounds; yet all this falls ſhort of the weight juſt 


id to be ſuſpended, by the reſiſtance of the air, in the cavity of the cylin- 
r. This experiment was made in the winter, the weather neither froſt 

r rainy, about the change of the moon; and at a place whoſe latitude 
about 51 degrees and a half: for, perhaps, the force or preſſure of the 


r may vary according to the ſeaſons of the year, the temperature of the 
2ather, the elevation of the pole, or the phaſes of the moon; any of 
em ſeeming able to alter either the height, or conſiſtence of the atmo- 
here. And therefore, it would not be amiſs, if this experiment were 


= d carefully, at ſeveral times and places, with variety of circumſtances. 


might alſo be try'd with cylinders of ſeveral diameters, exquiſitely 
ted with ſuckers; that we might know what proportion ſeveral pillars 
the atmoſphere, bear to the weight they are able to ſuſtain, or lift up; 
d conſequently, whether the increaſe, or decreaſe of the reſiſtance of 
e ambient air, can be reduced to any regular proportion, to the diame- 
r of the ſuckers, Theſe, and other experiments, which may be made 


Ich this cylinder, might, moſt of them, be more exactly try'd by the Tor- 


lian tube; if glaſs could be blown, and drawn perfectly cylindrical. 
Here we may obſerve, that as many other 


443 
ted. Then the upper orifice of the cylinder was very carefully ſtopp'd; F, ͥ 
— 3 likewifc ſhut, with its ſtopple well oiled, after the ſucker 


phenomena of our engine, 73, nature of 


elpecially the two laſt experiments, ſeem to ſhew the nature or cauſe /u#ior. 


ſuction, It's true, indeed, in ſucking, we commonly uſe ſome mani- 


endeavour, by a peculiar motion of our mouths, cheſts, Ec, yet it 


pears not how the upper-part of the emptied cylinder, that remains at 
lt all the while, or any part of it, endeavours to draw the depreſs'd 


112 ſucker, 
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Pnzvmarics ſucker, and the annex'd weights to it; tho' ſuch as behold the afeey 


of the ſucker, without conſidering the cauſe of it, readily conclude it tobe 
rais'd by ſome ſecret thing, that powerfully ſucks or attracts it. Why, 
it ſeems not abſolutely neceſſary to ſuction, that there be in the hg 

which is ſaid to ſuck, an endeavour, or motion in order thereto; by, 
ther that ſuction may be reduced to truſion, and its effects afcribeq q: 
preſſure of the neighbouring air, upon the bodies contiguous to that vit 
is ſaid to attract them. To object here, that ſome particles of air, . 
maining in the empried cylinder, attracted this weight, to obviate ay 
cuum, is to no purpoſe 3 unleſs it can clearly be made out, by what gray. 
pling inſtruments the external air could take hold of the ſucker; hoy 
little of it obtain'd the force to raiſe ſo great a weight; and why, unn 
letting a little more air into one of our evacuated veſſels, the attac 
is much weakned. For that ſtil! there remain'd in the exhauſted cyling 
many little empty ſpaces, may appear by the great violence wherexit 
the air ruſheth in, it it be permitted to enter. In the next place, thek 
experiments may teach us, what to judge of the vulgar axiom, Thurm. 
ture utterly abhors a vaccuum ; ſo that no human power is able to makeor 
in the univerſe. For, if by a vacuum we underſtand a place perfect tre 
from all corporeal ſubſtance, it may be plauſibly maintain'd, that theres 
no ſuch thing in the world. But the generality of the pleniſts takenottk 
word in ſo ſtrict a ſenſe. For when they alledge, that by ſucking wat 
throꝰ a long pipe, the liquor, contrary to its nature, aſcends into the mouth, 
only to fill up that ſpace, made by the dilatation of the breaſt and lig 
which would otherwiſe, in part, be empty; and when they tell us, ti 
the reaſon why in a gardener's watering- pot, conically ſhaped, and hilt 
with water, none falls thro? the numerous holes at the bottom, whilltti 
orifice at the top is clos*d ; mult be, that if in caſe the water ſhoul® 
ſcend, the air being unable to ſucceed it, there would be left a vacuuni 
the upper part of the veſſel, they ſeem to mean by a vacuum, any ij 
here below that is not fill'd with a viſible body, or, at leaſt, with u 
tho? it be not quite deſtitute of all bodies whatſoever. 

Taking then, a vacuum in this vulgar and obvious ſenſe, the comm 
opinion about it ſeems liable to ſeveral exceptions, whereof ſome oft 
chief are ſuggeſted by our engine. | 

It ſeems unintelligible, how hatred or averſion, which is a paſſion 
the ſoul, can either for a vacuum, or any other object, be ſuppoſed 
water, or any inanimate body, which cannot be preſum'd to know vie 
a vacuum would enſue, if they did not attempt to prevent it; nab? 
act contrary to what is moſt conducive to their own particular pre! 


tion, for the good of the univerſe. The meaning, therefore, of this 
phorical exprefſion ſeems to be, that by the wiſe author of nature. © 
univerſe, and the parts of it, are ſo contriv'd, that it is as hard to ff 


a vacuum in it, as if they ſtudiouſly conſpired to prevent it. 


But our experiments reach, that this ſuppoſed averſion of nature 7 
vacuum, is mercly accidental, or conſequent upon the weight, — 
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fuxility of the bodies here below; and, perhaps, principally of the ſpring) 
of the air, whoſe conſtant endeavour to expand every way, makes it 
either ruſh, or compel the interpoſed bodies, into all ſpaces where it finds 
no greater reſiſtance than 1t can ſurmount; and ſhew, that the power, ex- 
ciſed by nature, to avoid, or repleniſh a vacuum, is limited, and may be 
etermined even to pounds and ounces.“ 
And the experiment we are now upon affords us a notable proof of the 
Junheeded ſtrength of the preſſure ſuſtained by the free air, which we pre- 
ume to be uncompreſs'd: for hence we ſee, that even in our climate, and 
$&-ichout any other compreſſion than what is natural, or ordinary, it bears 
Jo ſtrongly upon contiguous bo.lies, that a cylinder of it, not exceed- 
Ing three inches in diameter, is able to raiſe, and carry up a weight, a- 
Wnounting to between ſixteen and ſeventeen hundred ounces. In more nor- 
| ern countries, the air may be much thicker, and able to ſupport a 
enter weight; ſince the Hollanders, who were forced to winter in Nova 
0 Eenbla, found the air there ſo condenſed, that they could not make their 
„ock go, by a very great addition to the weights that uſed to move it. 
· 34. We took a dry bladder, ſtrongly ty'd at the neck, and about half 
Wll:d with air, and faſtening it to one part of a very exact balance, we put 
metalline counterpoiſe into the oppolite ſcale; and ſo the two weights 
eing brought to an equilibrium, the balance was conveyed into the recei- _ of dif- 
er, and ſuſpended from the cover of it: when we obſerv'd that preſently geil. 
fer laying on the cover, the bladder appear'd to preponderate; where. Their equili- 
pon the ſcales being taken out, and reduced very near to an equilibrium, /n in va- 
et ſo, that a little advantage remain'd on that ſide to which the metalline . 
Weight belong'd; they were again let down into the receiver, which was 
Preſently cloſed. Soon after this, before the pump was work'd, the 
Wadder ſeem'd again a little to preponderate; and the air in the glaſs be- 
Winning to be drawn out, the bladder expanded itſelf, and greatly raiſed 
e oppoſite weight, by drawing down the ſcale to which it was faſtened, 
Wpecially when the air had ſwelPd it to its full extent. This done, we, 
ry lc:{urely let in the external air, and obſerv'd that, upon the flagging 
the bladder, the ſcale whereto it was faſten'd, not only, by degrees, 
turned to an equilibrium with the other; but, at length, wasa little out- 
eigh'd by it; tho? the bladder, after a while, began again to preponde- 
We, and, by degrees, to ſink lower for ſeveral hours: wherefore, leaving 
e eſſel cloſed up all night, we, next morning, found the bladder fallen 


* « Al] the parts of ſpace,” ſays Sir Iſaac « ſpecifically heavier than it. But, if a 
evton, © are not equally full; ſor if they « quantity of matter may, by rarifacti- 
were, the ſpecifick gravity of the fluid, © on, be diminiſhed in a given ſpace, why 
which would fill the region of the air, „may it not diminiſh in infinitum? It 
could not, by reaſon of the exceeding all the ſolid particles of bodies, are 
great denſity of its matter, give way to % of the ſame denſity, that is, have their 


the ſpecific gravity of quick-filver, gold, 6 vires inertie as their magnitudes, and 
or any body how denſe ſoever ; whence cannot be rarified, without leaving pores, 
neither gold, nor any other body, could ce there mult bea vacuum.“ Newton. Prin. 


deſcend in the air. For no bodies can p. 368. 
delcend in a fluid, unleſs they be 


yet 
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feſt alterations in the balance. 
temperature of the air, than a bladder, we brought the ſcales again vn 


having exhauſted the receiver, obſerv'd, that both upon the exſujy 


The aſcent of 
liquors in fi- 
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tres, whence. 


Fig. 38. 
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yet lower: as if the very ſubſtance of it, had imbibed ſome of the moiſt 
wherewith the air then abounded ; as the ſtrings of muſical inſtrumem 
are known to ſwell ſo much in rainy weather, as to break. This ©. 
cture is'the more to be regarded, becauſe having a little warm'd the bla 
der, we found it lighter than the oppoſite weight. And, without rey, 
ving the ſcales, or the cover of the receiver, we again caus'd the airy}, 
drawn out; the weather continuing very moiſt ; but found not any maj. 
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But to make the experiment with a body, leſs apt to be alter'd by i 
equilibrium with two weights, the one lead, and the other cork, ay 


and after the return of the air, the cork manifeſtly preponderated: 
much more, a while after the air had been let in again, than whilſt it y; 
kept out. Wherefore, for the cork, we ſubſtituted a piece of charcail, 
leſs likely to imbibe any moiſture from the air; but the event proved mug 
the ſame z ſo that this experiment ſeems very liable to caſualties. 

35. The true cauſe of the aſcent of liquors, in ſiphons and filtres, 
maining unknown; we were deſirous to try whether the preſſure of i 
air might reaſonably be ſuppoſed to have any conſiderable ſhare in; 
But, becauſe we could not ſo far evacuate our receiver, but the remis 


ing air would impel the water to a greater height than is uſual in fi * l 
tions; inſtead of a liſt of cotton, or the like filtre, we made uſe of 20 7 8 
phon of glaſs, conſiſting of three pieces, two ſtrait, and the third crooks! * 0 
to join them together; whoſe junctures were carefully cloſed, that nou "wy 


might find entrance at them: one of the legs of this ſiphon was font 
what longer than the other, and pervious at the bottom of it, onlyby: 
hole almoſt as ſlender as a hair, that the water might drop very ga 
out of it. The ſhorter leg of the ſiphon was quite open at the end ul 
of the ſame diameter with the reſt of the pipe; that is, about a fourth 
an inch. The whole ſiphon was deſign'd to be about a foot anda hal 
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long, that the remaining air, when the veſſel was exhauſted, might u Pf - 
impel the water to the top of it: then the ſiphon, being inverted, i We! ofte 
fill'd with water, and the ſhorter leg let down, two or three inch uy 
into a glaſs-veſſe]; whilſt the upper part remain'd faſten'd to the ini Mors; 
the cover of the receiver. t, aſte 
And, till a conſiderable quantity of the air had been evacuated, the wit Nr. 
dropp'd freely out at the lower end of the lower leg of the ſiphon; . end to 
the experiment had been made in the free air: but, afterwards, vn at 
bubbles began to appear in the water; and, aſcending to the top 0! "WW nder, 
ſiphon, run into one, which was gradually augmented by the riſing of cre 4 
bubbles, that, from time to time, broke into it, but much more 01" reof 

own dilatation, which increaſed, proportionably, as the receiver w5 ore. ha- 
cuated, ſo that, at length, the water, in the ſhorter leg, was reduced, ) theſe fl. 
the extraction of the ambient air, and the expanſion of the great bub-B of on 


at the upper part of the ſiphon, to the height only of a foot; whence, ® top of 


couls 
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urſe of the water, in the ſiphon, was interrupted, and that which re- Prin rie, 
W.:'d in the longer leg of it, continued ſuſpended there, without drop- 
Ine any longer. But, upon turning the ſtop-cock, the external air got 
ing any 108 8 N 
ro che ſiphon, by the little hole at which the water formerly dropp'd 
ut: and, traverſing all the incumbent cylinder of water, in the form of 
Nubbles, joined itſelf with that air which before poſſeſſed the top of the 
phon. 
ö * prevent the inconveniences ariſing from theſe bubbles, two glaſs 
pes, like the former, were ſo placed, as to terminate together in the midit 
che belly of a glaſs vial, into whoſe neck they were cemented ; and 
Wn both the vial, and the pipes, being filled with water, the ſiphon was 
W1aced with its ſhorter leg in the glaſs of water, as before; and the expe- 
went being proſecuted after the ſame manner, much more air was now 
Fawn out before the bubbles cauſed any diſturbance; becauſe there was 
k Som enough in the vial for them to ſtretch, without depreſſing the water 
, low the ends of the pipes; and during this time, the water continued to 
Pop out of the lower leg of the ſiphon. But, at length, the receiver being 
ry much emptied, the water ceaſed to run thro? the ſiphon ; the upper 
ds of the pipes beginning to appear above the remaining water in the 
al, the dilated air wherein, ſeem'd likewiſe to preſs down the water in 
e pipes, and fill the upper part of them. 
Hence, the experiment being interrupted, we let in the air again, 
hich, according to its various proportions of preſſure, to that of the air 
the vial, and the pipes, exhibited a pleaſing variety of phenomema. And 
don the whole, there ſeem'd little cauſe to doubt, if the bubbles had not 
urbed the experiment, that the courſe of water, thro* ſiphons, would 
Fi ve appear*d to depend upon the preſſure of the air. 
An eminent mathematician lately told me, ſome French gentlemen had Their aſcent in 
ſerv'd, that, if one end of a ſlender open pipe, of glaſs, be dipp*d in wa- Hilary tubes. 
„the liquor will aſcend to ſame height in the pipe, tho' held perpendi- 
War to the plain of the water; and, ſoon after, brought me two or three 
all pipes of glaſs, which gave me the opportunity of trying it: tho' I 
1 often before, in the long and ſlender tubes of ſome weather-glaſſes, 
ade after a peculiar manner, taken notice of the like aſcent. of li- 
Wors; but, preſuming it to be caſual, I made little reflection upon it. 
r, after this trial, ſuppoſing that tho? the water, in theſe pipes, roſe not 
ove a quarter of an inch; yer if the tubes were ſlender enough, it might 
end to a much greater height; I cauſed ſeveral of them to be dextrouſly 
un at the flame of a lamp, in one of which, that was almoſt incredibly 
der, we found, the water aſcended five inches, tho? the pipe were 
"A" cect: but, if it were inclined, the water would fill a greater part 
0 rof. We alſo found, that, when the inſide of the pipe was wetted 
1 ore: hand, the water would riſe much better than ot herwiſe. And ſome 
ec ckeſe lender pipes, being bent, like ſiphons, we immerſed the ſhorter 
ot one in a glaſs of fair water; and found, that the water, riſing to 
WW of the ſiphon, of itſelf, ran down the longer leg, and continued 
F | run- 


Fig. 39. 
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PxvEznATiIC running, like an ordinary ſiphon. 
appears very difficult to diſcover.* We try*d, indeed, by conyeyj 
very ſlender pipe, and a ſmall veſſel of water, into our engine, wh 
the exſuction of the ambient air would aſſiſt us herein; but, tho' ven. 
ploy'd red wine, inſtead of water, yet we could ſcarce certainly percejp 
thorough ſo much glaſs as was interpoſed betwixt our eyes and the |; 


pipe. 


will be lower within the pipe, than without. 


This Phenomenon, the ſuſpenſion of 
water in capillary tubes, is, with great ſa- 
gacity, accounted for by Dr. Jurin; who 
proves it owing to the attraction of the 
upper periphery, or ſection, of the con- 
cave ſuperficies of the tube; that is, a 
{ſmall ſurface, or annulus, whoſe baſe is 
that periphery, and heighth the diſtance, 
whereto the attractive power of the glaſs 
extends. For the gravity of the water 
that enters 'the orifice of the tube, upon 
its immerſion, being immediately taken 
off, by the attraction of the annulus, 
wherewith its upper ſurface is in contact, 
the water muſt neceſſarily riſe higher, by 
reaſon of the preſſure of the ſtagnant flu- 
id, and the attraction of the periphery im- 
mediately above that whereto the up- 


The cauſe of this aſcent of the y 
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Wexact 
ey d 


iter, 
No 2 
ether 


onti. 

quor, what happen'd in a pipe fo ſlender, that the redneſs of the vi Fbree 
was ſcarce viſible in it. But, as far as we could diſcern, there happen Hung 
no great alteration to the liquor; which ſeem'd the leſs ſtrange, becyys Pitelt. 
the ſpring of that air, which might depreſs the water in the pipe, wn Wicore 
equally debilitated with that which remain*d to preſs upon the ſurface g Into ti 
the water in the little glaſs. Wherefore, in favour of that conjecture, wii Pgain 
aſcribes this phenomenon to the greater preſſure upon the water by ther Pefore 
without the pipe, than by that within, it was ſhewn, that, in caſe th quilib 
lictle glaſs-veſlel of water were ſo cloſed, that the air might, by the mout, y anc 
be ſuck*d out of it, the water would immediately ſubſide in the my ore \ 
Hence, we might infer, that it aſcended before, by the preſlr Woubt, 

of the incumbent air; only it may be objected, that this, perla M the | 
would not happen, were the upper end of the pipe in a vacuum; sf rity” 
that, *tis very probable, the water may ſubſide, not becauſe the preſur turn 
of the internal air is taken off by ſuction, but becauſe the ſpring of t ale, 
external air impels the water in its way to the cavity, deſerted byte We, 
other air; and would as well impel the ſame water upwards, as make e end 
ſubſide, were it not for the accidental poſture of the glaſſes. *T were her ras u 
likewiſe, proper to enquire, why the ſurface of water, in pipes, oe lead 
be concave; and, on the contrary, that of quick-ſilver, convex ; and gh c 
if the end of a ſlender pipe be dipp'd in the latter, the ſurface of that us Ig It, 
eiver 

36. We cauſed a glaſs- bubble to be blown at the flame of a lamp ori expa 
the ſize of a ſmall hen- egg, and of an oval form; only, at one end, der = 
And, 

| per ſurface of the water is already cr torn 

guous. The conſideration of this f „and 

menon, and the experiments mac i it wa. 

relation to it, both in water and qui wu 

ſilver; thoſe made with the latter Jt ci 

ving exactly the reverſe of the pre 

led the Doctor to clear — 2 1 res, bi 

ter, by ſhewing, that the partice? twit 

water attract each other; that the 1 4 * 

cles of quick- ſilver attract each 0 ol 

that water is attracted by glaſs; that ur appen' 

ſilver is attracted by glass; that fl Ir opit 

particles of water are more ſro ly ſo c 

attracted by glaſs, than by one 8 k ſobe 

ther; and, laſtly, that the particles of q 1 ſubt 

filver are more ſtrongly attracted hy 1 ſual ſh 

| other, than by glaſs. See all theſe pu Was, 

in the Philo. Tranſ. No. 355. P. 730. nd 
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Vas drawn out an exceeding ſlender pipe, that the bubble might be ſeal'd PW] ie, 
Tup. with as little rarifaction, of the air included in the great cavity, as 
poſſible. This glaſs, being ſcal'd, was faſten'd to one of the ſcales of an 
Exact balance; and, being counterpois'd with a weight of lead, was con- 
ey d into the receiver; and cloſed up in it. The beam appearing to 
ontinue horizontal, the pump was ſet on work; and, after two or 
Euree exſuctions, the balance inclined to that ſide on which the bubble 
ung; which, as the air was farther drawn out, preponderated more ma- 
Piteſtly; at length, the air being gradually let in again, the ſcales, by 
legrecs, return'd to an equilibrium. Then we took them out, and caſting 
5 10 that ſcale, to which the lead belong'd, three fourths of a grain, we 
gain plac'd them in the receiver; which, being cloſed and exhauſted as 
Peſore, as the air was drawn out, ſo the glaſs-bubble came nearer to an 
quilibrium with the other weight, till the beam ſtood horizontal ; which, 
another trial, we could not bring it to do, when one fourth of a grain 
gore was added to the ſcale whereto the lead belong'd. Tho', without 
Youbt, if we could have perfectly evacuated the receiver, the air included 
the bubble, would have weigh'd above a grain; tho? it were ſomewhat 
Erify'd by the flame wherewith the bubble was ſeal'd. And, upon the 
turn of the excluded air, the lead, and the weight caſt into the ſame 
ale, did again very much preponderate. 
| We, likewiſe, convey*d into the receiver, the ſame bubble, open'd at 
e end of the ſlender pipe above-mention'd ; but, having drawn out the 
Ir as uſual, we found not, as before, the bubble to out-weigh the oppo- 
e lead; ſo that by the help of our engine, we can weigh the air, as we 
Weigh other bodies, in its natural or ordinary conſiſtence, without conden- 
Ig it. Nay, having convey'd a lamb's bladder, half full of air, into the 
eiver, we obſerv'd, that tho* upon working the pump the impriſon'd 
expanded, till it ſeem'd ready to burſt the bladder; yet this rarified air 
aniteſtly depreſs'd the ſcale whereto it was annex'd. 
and, having once caus'd the pump to be obſtinately ply'd, in repeating he- 514 
former experiment, the impriſon'd air broke the containing glaſs-bub- Ze pervious rs 
and threw the greateſt part of it againſt the ſide of the receiver, where- . 
it was ſhatter'd into a multitude of pieces. Hence we may diſcern, of 
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u „ cloſe a texture glaſs is, ſince ſo very thin a film of it, as this bubble 
b, prov'd ſo impervious to the air, that it could not get away thro' the 
bal ws res, but was forced to break the glaſs in pieces, to free itſelf; and this, 
"Fc bſtanding the time, and advantage it had, to force thro? the pores. 
e a mention, that our experiments may receive no prejudice from one 
hat qui appen'd to make long ſince ; which might be drawn to countenance 
| * opinion, who would perſuade us that glaſs is pervious to air, pro- 
eo calPd ; for, in diſtilling a certain ſubſtance, greatly abounding 
lesof qu h ſubtile ſpirits, and a volatile ſalt, in a ſtrong earthen veſſel, of an 
tl bs ſual ſhape, to which was luted a large receiver of green glaſs; the 


Was, by accident, fo exceſſively increas'd, that we found the ſpiri- 
us and ſaline corpuſcles, thrown over ſo hot, and in ſuch plenty, into 
OL, II. Mm m the 
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PnzvmarTics the receiver, as to render it all opake, and likely to fly in pern 
We ventur'd, however, to approach it, and obſerv'd, on the cult 


thereof, at a great diſtance from the juncture, there was ſettled a rg 


- 


me 
Wrrov 
Wes 1 


. | c 
whitiſh ſpot, or two, which, at firſt, we thought might be ſome 6, WM 4 ch 
upon the glaſs; but after finding it, in ſeveral qualities, like the oil yz may 
falt of the concrete diſtill'd, we ſuſpected, that the moſt ſubtile, and. adde 

gitive parts of the impetuous ſteams, had penetrated the ſubſtance of j ac 
glaſs, and, by the cold of the ambient air, were condenſed on the ſurſy Wer 
of it. And, indeed, upon examining the whole matter, a number gfy hut, 
unanimoufly concluded, that the ſubtile parts of the diſtill'd matter, þ, fllir 
ing violently agitated by the exceſſive heat, had paſs d thro? the porgy rain 
the glaſs, made wide by the ſame heat. But this having never happen; N Nulder 
more than once, in any of the diſtillations we have either made, ot a But, 
it is much more reaſonable to ſuppoſe, that the perviouſneſs of our u WG by 
ver, to a body much more ſubtile than air, proceeded from the looſer air, 
ture of that particular parcel of metal, the receiver was made of; for, mucl 
glaſs is not equally compact, and ſolid; and from the prodigious he, the 


which, together with the vehement agitation of the ſubtile ſpirits, opal 
the pores of the glaſs; than to imagine, that ſuch a ſubſtance as air, ſho 
be able to permeate the body of glaſs, contrary to the teſtimony of a ia 
ſand chymical and mechanical experiments; and, of many made in a 
engine. 
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The penetra- And, the following experiment ſeems to teach, that tho? air, when(s whic 
"ng poet 9, ficiently compreſs'd, may, perhaps, get entrance into ſmaller cavitie is the m 
3 he of water; yet, unleſs the air be forc'd in, it will not paſs them, whilſt ti expar 
water. may admit of water. I took a glaſs ſiphon, the lower end of whoſe log ak the 

leg was drawn ſo ſlender, that the orifice, at which the water wasn at rar 


out, would hardly admit a very ſmall pin. This ſiphon being inn, 
we ſo order'd it, that a little bubble of air was intercepted in the (lar 
part, betwixt the little orifice, juſt mention'd, and the incumbent wt 
whence the air, being not to be forced thro? ſo narrow a paſſage, . 
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light a cylinder of water, as reſted upon it, hinder'd the farther effuc 
the water, as long as we let it ſtay in that narrow place; but when," 
blowing a little at the wider end of the ſiphon, that ſmall parcel RF 
was forc'd out, with ſome water; the remaining water, that before «ther u 
tinu'd ſuſpended, began freely to drop down again, as before. Ant 4 grain 
a glaſs pipe, either in the form of a ſiphon, or otherwiſe, half an na t of ti 
diameter, but at one end ſo ſlender, as to terminate in an orifice aim : 
as ſmall as a horſe-hair, be fill'd with water, it will drop down ire 

thorough the ſlender extremity. But if the pipe be inverted, the ar 


M. Hos 
s ſuch x 
Es, 28 wil 


not eaſily get in at the ſmall hole, thro? which the water paſs d. & It moiſte 
the ſharp end of the pipe, ſome inches of water will remain ſuſpen® o th 
which, probably, would not happen, if the air could get in to ſu ** 


it; ſince, if the orifice were a little wider, the water would immedi 
ſubſide. And tho? when the pipe is many inches long, a great part o 
water will run down at the wider orifice ; yet that ſeems to appr. 
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Ine other reaſon, than becauſe the air ſucceeds it at the upper and PxrvmaArrICE 
Wow one; ſince all the ſlender part of the pipe, and, perhaps, ſome in- 


es more, will continue full of water. 
And, tho! we have formerly ſhewn, that the aerial corpuſcles cannot 


WE: chro! che pores of a lamb's bladder; w yer, particles of water will ; 


may eaſily be try'd, by very cloſely tying a little alkaline ſalt in a fine 


W.Jder, and dipping its lower end in water; for, if it be held there 


a competent time, there will ſtrain thro* the pores of the bladder, 


Wcr enough to diſſolve the ſalt into a liquor. 
But, to return to our bubble; we endeavour'd to meaſure its capacity 


filling it with water, to find how much water anſwer'd, in weight, to + of 


Wrain of air; but all the diligence we uſed to preſerve ſo brittle a veſſel, 


aua not prevent its breaking, before we had gain'd our point. 
nut, there occurs a problem, upon occaſion of the flow breaking of the 
s bubble in our evacuated receiver. For, it might ſeem ſtrange, ſince 
1 air, as we have ſeen, expands itſelf by its own internal ſpring, twice 
much as Merſennus was able to rarify it by a red-hot æolipile; that 
a , the ſpring of the air was ſcarce able to break a very thin glaſs bub- 
a ; and utterly unable to break one ſomewhat thicker, within whoſe ca- 
ll it was impriſon'd ; whereas, air pent up, and agitated, is able to per- 
tt m effects ſo much more conſiderable, that the learned jeſuit Cabeus tells 
10 he ſaw a vaſt ſtrong marble pillar quite broken off in the middle, 
the heat proceeding from wood, which happen'd to be burnt juſt by 
1 which ſo rarified ſome air or ſpirituous matter ſhut up in the cavities 
th the marble, that it burſt thro? the ſolid body of the ſtone by the force 
te expanſion. But, probably, the reaſon why the included air did not 
net ak the ſeal'd bubbles, in our exhauſted receiver, was, that being ſome- 
wül at rarified by the flame employ'd to ſeal the glaſs, its ſpring upon the 
end s of the heat grew weaker than before. Yet, this will not, alone, 
ere e the turn, becauſe, much ſmaller glaſs bubbles, exactly clos'd, will 
wit; che included air be made to fly in pieces. 
„ie took an æolipile of copper, weighing fix ounces, five drams, and The properties 
fu eight grains; and being made hot, we remov'd it from the fire, and the weight 
1en, VP dliacely ſtopt it with hard wax, that no air might get in at its orifice. A eee — 
dier che æolipile, being ſuffer'd leiſurely to cool, 'twas again weigh'd, Ce 
ore cher with the wax, and found to be ſix ounces, ſix drams, and thirty- 
An grains. Laſtly, the wax being perforated, without taking any of 
indir of the ſcale, the external air was ſuffer'd to ruſh in; and then the 
0 ang 
IN feb 6: Homberg is of opinion, that water for want of a wetting property, cannot do. 
ea s ſuch narrow pores of animal ſub- As a proof of this doctrine, he fill'd a blad- 


Font E, will not admit the air, only be- 


it moi der with ai d ſs'd it wi 
it moiſtens and diſſolves the glutinous n 


14 f th ſtone, and found no air to come out ; bur, 
ſpent fy the fine fibres of the membranes, placing the bladder, thus compreſs'd, in 
i o render them more pliable and di- water, that air eaſily eſcaped. Hit. de 
pech e; which are things, that the air, | P Acad. A. 1700. p. 17. 
* 
art 010 | "a 
appel Mm m 2 æolipile 
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Pxzvmartics olipilc and wax being again weigh'd, amounted to ſix ounces, fix drm 


1. . 
and fifty grains. So that the æolipile, freed as far as our fire could frei : 3 
from its air, weigh'd leſs than when repleniſh'd with air, full 11 grain; W. vinc 
that is, the air containable within the cavity of the æolipile, amounted 0 Po the 
11 grains, and ſomew hat more. And, by the way, if there be no miſtal⸗ Duc ti. 
in the obſervation of Merſennus, it may ſeem ſtrange that it hoy g Nas re 
much differ from two or three of ours; in none of which we could nt Wo wat 
the air in an æolipile, tho? made red-hot, almoſt all over, and imme, MS :1ins 
ately plung'd into cold water, to half that degree which he mentions, ; rains 
ſeventy times its natural extent; unleſs the æolipile, he employ'd, be ai 
able to ſuſtain a more vehement heat than ours, * To wat 

This way of weighing the air, by the help of an zolipile, ſeems ſ N uppo 
what more exact, than that which Merſennus uſed, becauſe we wet! nd, 
not the æolipile till it was cold; whereas he weigh'd it red-hot, uber Wo: de 
it is ſubject to loſe of its weight in cooling; for, copper heated red. ia Warefu 
throws off, in the cooling, little thin ſcales in ſuch plenty, that, having pur ccura 
poſely watch'd a copper æolipile, during its eee we have e dur ob 
the place round about it, almoſt cover'd with them every way. Periay RW, a 
too, the æolipile, in cooling, may not receive ſome little increaſe of weight Wnay b 
either from the vapid, or ſaline ſteams that float in the air. We employ, Wt may 
to weigh our æolipile, both when fill'd with air, and when repleniſh'd f wir 
water, a pair of ſcales that would turn with the fourth part of a grain, 4 It n 
to the proportion of weight betwixt air and water, ſome learned men lun ation 
attempted to ſettle it, by ways ſo inaccurate, that they ſeem to have ba hut, : 


much miſtaken. Ricciolus having purpoſely endeavour'd to diſcoverti iſtak 


proportion, by means of a thin bladder, eſtimates the weight of the π 7 effne 
that of the water, as about 1 to 10,000 ; and indeed, having once weizii lh No! 
a large bladder full.of air, and found it to contain 14 grains; the i: ropo 
bladder, afterwards filPd with water, contain'd near 14 pounds; viz nd, 
the proportion of air to water, ſeem'd almoſt as a grain to a pound, u _lver, 
. as 1 to above 7600. On the other hand, Galiles makes the air to watt, to it 
1 to 400. But our way of weighing the air by an æolipile, ſeems by iis iquor 
the more exact. And, according to our obſervations, the water it contalt hen 
amounting to 21 ounces and a half; and as much air as was requiſite to I'd, 
it, weighing 11 grains; the proportion in gravity of air, to water on eight 
ſame bulk, will be as 1 to 938. And tho? we could not fill the æolipile -- s muc 
water very exactly, yet as we neither could perfectly drive the air out. * 
| | WC diſt 
* Tt may be pretended, that 'tis not the | tartar, reduc'd to fine powder, as rai: 
air, but ſome vapour, or exhalation, con- hot, to the neck of the former; ſo tht BA, ww 
tain'd in it, that here weighs upon the ba- external air muſt paſs ſlowly thro th! 7 01 
lance. To obviate this objection, M. Mu/- before it could poſſibly get into the exit 
chenbraeck contriv'd the following experi- ed veſſel; whereby che air that entrel e pro} 
ment. It is a known thing in chymiſtry, | ſtrained, and perfectly freed from 31) ? Wea 
that dry alkaline ſalts attract, and abſorb the ſture that might have been lodg d thetc bf elp of 
moiſture of the air, and thereby run, per | The veſſel being thus fill'd with pony But. b 
deliguium, as it is call'd. That philoſopher, and put into the ſcale, was found to des de 
therefore, having exhauſted a proper veſſel as much as when fill'd with uppurg** and wat 
of its air, fitted another veſſel, wherein was De Mater. ſubtil. p. 7. 
lodg'd a large quantity of very dry falt of 1 
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„ heat, we think the proportion may hold good: however, in a round e 
Pe may ſay, water is near 1000 times heavier than air. And accordingly, Wy 

W :ving, at another time, put ſome water in the æolipile, before we ſet it 

E. the fire, that the vapours of the rarified liquor might the better drive 

ut the air, we found, upon trial carefully made, that when the æolipile 

vas refrigerated, and the included vapours, by the cold, turned again in- 

o water; the air being let in, increas'd the weight of the æolipile, eleven 

rains, as before; tho' there were already in it, twelve drams, and 32 

Plains of water, which remain'd of that we had put into it, to drive out 

The air. Merſennus, indeed, tells us, that, by his account, air is in weight 

Lo water, as 1 to 1356 and adds, that we may, without any danger, 

WHuppoſe, the gravity of water to that of air of a like bulk, as 1300 to 1; 

nd, conſequently, that a quantity of air, to a quantity of water, equi- 

Ponderant thereto, is as 1300 to 1. But why we ſhould relinquiſh our own 

Earefully repeated trials, I fee not; yet I am unwilling to reject thoſe of fo 

& curate and uſeful a writer; and therefore ſuſpect, that the difference in 

Pur obſervations, proceeds from the different confiftence of the air at Lon- 

en, and at Paris: for, our air being more cold and moiſt than theirs, 

Fray be ſuppoſed, alſo, to be a fourth, or a fifth part heavier. Perhaps 

t may be of moment, too, that our obſervations were made in the midſt 

pf winter, whilſt his might be made in ſome warmer part of the year. 

it might be expected, that we ſhould, from theſe and other obfer- The height of 
ations, decide the controverſy about the height of the atmoſphere ; % atngphere 


un 
by but, tho? it ſeems eaſy to ſhew that many famous writers have been ute, 
L iſtaken in aſſigning this height; yet, *tis very difficult, preciſely to 


Wctine its extent. 
Now, we have already made it appear, that at leaſt about London, the 
Proportion of ſpecific gravity betwixt water and air, is, as 1000 tO I. 
And, to determine the difference in weight betwixt water and quick- 
Wl ver, we took a glaſs-pipe, in the form of an inverted ſiphon, and pouring 
Wnt it a quantity of quick-filver, we held it fo, that the ſuperficies of the 
quor, both in the longer and ſhorter leg, lay in the horizontal line EF; Fig. 40. 
len pouring water into the longer leg of the ſiphon, till that was almoſt 
ld, we obſerv'd the ſurface of the quick-ſilver in that leg to be, by the 
eight of the water, depreſsd from E, to B, and in the ſhorter leg, to be 
s much impelPd upwards from F, to C. And having, before-hand, made 
arks, as well at the point B, as at the oppoſite point D, we meaſur'd both 
Dee diſtance DC, to have the height of the cylinder of quickfilver, which 
nis d above the point D, by the weight of the water, and the diſtance 
A, which gave us the height of the cylinder of water. So that the di- 
ace DC, being 27 inches, and the height of the water 3077 inches, 
ic proportion appear'd to be as 121 to 1665, or as 1 to . 
Wealſo meaſured the proportion betwixt quick-ſilver and water by the 
epof a balance, which would turn with the hundredth part of a grain. 
Hut, becauſe an over-ſight is uſually committed in weighing quick-ſilver, 
and water; eſpecially if the orifice of the containing veſſel be wide; * 
2 the 
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horizon, a little lucid cloud, near the meridian, and almoſt in the 
zenith, which could be illumin'd by nothing but the ſun; and, there- 
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fore, muſt have been higher than the whole ſhadow of the earth. 
And,” ſays Ricciolas, ** the like phenomenon was obſerv'd by the 


great mathematician Riccius.“ 


Various obſervations, made at the feet, tops, and interjacent parts of 


igh mountains, might, perhaps, aſſiſt us to make an eſtimate in what 
Fr oportion the higher air is thicker than the lower; and to gueſs at the 
gerent conſiſtence, as to laxity and compactneſs of the air, at ſeveral 


Nieſtial luminaries were ſatisfactorily determined, that might alſo con- 


Wot pronounce any thing, peremptorily, concerning the height of it. 

37. We have often obſerv'd, that, when the ſucker of our pump was 
Fawn down, immediately upon turning the key, there appear'd a kind 
W light in the receiver, almoſt like a faint flaſh of lightning, in the day- 
nme; and almoſt as ſuddenly did it appear, and vaniſh. When we firſt 
Sok notice of this phenomenon, the day was clear, the hour about ten in 
e morning, and the only window in the room faced the north; and we 
Wund that, by 2 any opake body between the receiver, and the 
Window, tho? the reſt of the room were ſufficiently enlighten'd, yet 
Wc flaſhes did not appear as before. As ſoon as night was come, we 


hence we inferr*d, that the flaſh, appearing in the receiver, did not 
oceed from any new light, generated there; but from ſome reflections 


Hence the reflection ſhould happen, was hard to ſay. 

Wherefore, the next morning we went about to repeat the experiment; 
t tho' we could, as well as formerly, exhauſt the receiver; tho? the 
ce wherein we made the trial, was the very ſame ; and tho? other cir- 
Inſtances correſponded z yet we could not diſcover the leaſt appearance 
light all that day, no more than on ſeveral others: nor can we, to this 
ry time, be ſure, a day before-hand, that theſe flaſhes will appear in 
Ir great receiver. Nay, having once found the engine diſpoſed to exhibit 
Ws phenomenon, we ſent notice of it to Dr. Wallis, who was then very 
Er at hand, and made haſte to ſatisfy his curioſity ; yet, by that time he 
wed, the appearance was ceaſed : and having long, in vain, endea- 
ur'd to exhibit it again, we were, after all, unexpectedly preſented with 
e flaſhes. 
And this contingency, whereto our experiment is liable, being ſuch, 
in all ſuch conſtitutions of the weather, times of the day, c. it 
l fometimes anſwer, and ſometimes diſappoint our expectations; we are 
Wuch diſcouraged from framing an hypotheſis to ſolve it; tho? it might be 
Wm picd from conſidering the following phenomena. (1.) The appear- 
e may as well be exhibited by candle-light, as by day-light, _ in 
Wnat- 


ſtances from us. And, if the difficulties about the refractions of the 


Ice to aſſign proper limits to the atmoſphere. But, at preſent, we dare 


Odd phenome» 
na of light pro. 
duced in the 
receiver of the 


air-pump. 


Wade the room very dark, and plying the pump, as in the morning, 
puld not find, upon turning the key, the leaſt glimmering of light. 


che light of the ſun, or other luminous bodies, placed without: tho', 
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PxzumaTIcs whatever poſition the candle be held to the receiver, provided the n 0 
light be not hinder'd from falling upon the veſſel, (2.) The flaſh appen 
immediately upon turning the key, to let the air out of the recent i 
the empty'd cylinder; ſo that, I remember not, that the flaſh appeyyy 
when at any time, in our great receiver, the ſtop- cock was open'd, he 
the cylinder was exhauſted. (3.) When, inſtead of the great receiver, y 
made uſe of a ſmall glaſs, not containing above a pound and half of y, 
ter; the phenomenon might be exhibited, tho? the ſtop- cock remain! 
open, provided the ſucker was drawn nimbly down. (4.) When we by 
to empty the veſſel, the appearances of light were much more conſyiy 
ous, than towards the latter end, when little air at a time, could Paſs oui 
the receiver. (5.) When the ſucker had lately been well oil'd, and, 5 
ſtead of the great receiver, the ſmaller veſſel, above-mention'd, w 
emptied; upon opening the ſtop-cock, as the air deſcended out of j, 
glaſs into the empried cylinder, there aſcended out of the cylinder intott 
veſſel a certain ſteam, which ſeem'd to conſiſt of very little bubble, 
other minute corpuſcles, thrown up from the oil, rarify'd by the au 
tion it ſuffer*d in the cylinder. For, at the ſame time that theſe ſtem 
aſcended into the glaſs, ſome of the ſame kind manifeſtly iſſued out, lik 
a little pillar of ſmoke, at the orifice of the valve, when that was oo 
ſionally open'd. And theſe ſteams, frequently preſenting themſelv&y 
our view, we found, by expoſing the glaſs to a clear light, that tis 
play'd up and down in it; and by their whitiſhneſs, in ſome meaſure x 
ſembled the appearance of light. (6.) For, when the flaſh was gr 
the receiver, at che very inſtant, loſt of its tranſparency, by appear: 
full of ſome kind of whitiſh ſubſtance; and, for a ſhort time a 
the ſides of the glaſs continu'd opake, and ſeem'd to be darken', 
if ſome whitiſh ſteam adhered to the inſide of it. 

But he who would fairly account for the phenomenon, whereof tit 
are not all the circumſtances, muſt ſhew from whence the apparent wii 
neſs proceeds; and why that whiteneſs ſometimes appears, and lot 


times not. Now, had our phenomenon been conſtant and uniform 
ſhould ſuſpect it to have been produc'd after the following manner; i! 


tho? what we ſaw in our receiver, ſeem'd to be a kind of light, i 


it was, indeed, but a whiteneſs, which render'd the inſide of the yl 


opake. 


Now our common air abounds with particles, able to reflect the rail 
light, as appears from that vulgar obſervation, the motes in the air, van 
ſun-beams ſhooting into any ſhady place, diſcover them, tho', other 
the eye cannot diſtinguiſh them from the air. And, I particularly rene 
ber, that being at ſome diſtance from London, at a time whem numem 
bonfires happen'd to be made there; tho* we could not ſee the fires tif 
ſelves, yet we could plainly perceive the air all enlightned near the cry 
which argued, that the rays, ſhot upwards from the fires, met, in the n 


with corpuſcles opake enough to reflect them to our eyes. 


Wh 


ens te 
tle þ 


jgly « 


ss, 


8 aving 
ad le 
Wblſcrv: 
ne Wa 
new 
Pater. 
Mir wa 
Weate 1 
Ws tran 
Hen 
er, 
and vet 
Pe par 
| oſture 
jon, 
r; wi 
ite. 
Sever 
ble; 
uch al 
condl 
e ſtop 
re, le 
the ſ 
nicat 
ch r 
> {ma 
feral | 


per or 
at whe 


Wite; 1 
Wt whi 


at whe 
Ich cc 
lle liqu 
a yet 1 
8, ſoa 


Wn ſtent 


n, and 
ne, may 
this Vi 


Who F V 1 


3 7s 
— 


P )byſſco- mechanical Experiments. 


1 ns to be interrupted by a great number of ſurfaces, which, like ſo many 
le looking · glaſſes, confuſedly repreſent a multitude of ſmall and ſeem- 
Woly contiguous images of the lucid body. For, water, or the whites of 
pps, beaten to a froth, loſe their tranſparency, and appear white. And 
. aving, out of one of our ſmall receivers, carefully drawn out the air, 
a left a very little hole, by which the water was to get in, we 
Peerved that the neck, being held under water, and the little hole open'd, 
Te water that ruſh'd in, was ſo broken, and acquired ſuch a multitude 
new ſurfaces, that the receiver ſeem'd to be full rather of milk, than 
iter. And farther, by heating a lump of cryſtal, and quenching it in 
ir water, it will be diſcontinued by ſuch a multitude of cracks, which 
Feate new ſurfaces within it, that tho? it will not fall aſunder, yet it loſes 
s tranſparency. and appears white. 
S Hence we might imagine, that upon the ruſhing of the air out of the re- 


q ver, into the empty*d cylinder, the air in the receiver, being ſuddenly, 
if Ind vehemently expanded, the texture of it was as ſuddenly alter'd; and 
Pe parts made ſo to ſhift places, and, perhaps, ſome of them, to change 
10 Soſtures, as during their new and vehement motion, and their varied ſitu- 
t Zion, to diſturb the uſual continuity, and thereby, the tranſparency of the 


WW; which ceaſing to be a tranſparent body, muſt eaſily degenerate into 
ly ite. 


1 Several things there are which make this conjecture ſeem the more pro- 
ret, ble; as, firſt, the whiteneſs always appear'd greater, whilſt there was 
i uch air in the receiver, than when the air was in great part drawn out. 
in condly, having exhauſted the receiver, and applied to the hole in 
|, 1 We ſtop-cock, a large bubble of clear glaſs; ſo that we could, at plea- 


re, let the air paſs out, at the ſmall glaſs, into the great one, and eaſily 
the ſmall one with air again; we obſerved, that upon opening the com- 
nication betwixt the two glaſſes, the air, in the ſmaller, finding fo 


ſont ch room in the greater, to receive it, flew out with ſuch force, that 
* WW EE ſmall vial ſeem'd to be full of milk: and this experiment we repeated 
„e Weral times. And, thirdly, having provided a ſmall receiver, with its 
1 ſe per orifice ſo narrow, that I could ſtop it with my thumb, I obſerv'd, 
cl t when, upon the exſuction of the air, the capacity of the glaſs appear'd 

ite; it, by a ſudden removal of my thumb, I let in the outward air, 
rj t whiteneſs would immediately vaniſh. It may, indeed, be objected, 
nent t when water turns from tranſparent to white, the air intervenes, 
ervilt ich converts it into bubbles. To this I reply, there are two very vo- 
emen ile liquors, which being gently put together, are as clear as rock- water, 
me yet will inſtantly, without the help of air to turn them into bub- 
5 then s, ſoalter the diſpoſition of their inſenſible parts, as to become a white 
ie ci) A ſtent body. And this happens not as in the precipitation of benja- 
heal n, and ſome other reſinous ſubſtances; which being diſſolv'd in ſpirit of 


De, may, by the affuſion of fair water, be turn'd into a milky ſubſtance: 


W this whiteneſs belongs not to the whole liquor, but to the corpuſ- 
Wa vo r. II. 1 N =p. b en 


White may be produc'd, when the continuity of a tranſparent body hap- P**vmarics 
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PxEVMATIC cles of the diſſolv'd gum, which, aſter a while ſubſiding. leave the lu 
tranſparent, - themſelves only remaining white. Bur, in om caſe, tsfrom 
the varied texture of the whole tranſparent fluid; and 1 rom any parj, 
cular part, that this whiteneſs reſults: for the body . White throughoy 
and will long continue ſo; and yet may, in proceſs o _ Without a 
addition, be totally reduced into a tranſparent body, as be ore. 

Another conjecture, we grounded upon this obſervation : having an 
vey*d ſome ſmoke into our receiver, placed againſt a window, we oblery, 
that, upon the exſuction of the air, thecorpuſcles floating may manifeſt 
enough made the receiver ſeem more opake, at the very inſtant they 
ruſhed out. For, conſidering that the whiteneſs, whoſe cauſe we eqn 
after, did but ſometimes appear, it ſeem'd not impoſſible, that, atſug 
times, the air in the receiver, might abound eee, e of n. 
flecting the light, in the manner requiſite to exhibit a white " on by by 
ing put into a certain unuſual motion; as the new hy ea : cir om 
fumes, made the inſide of the receiver appear darker than © rs andy 
our ſmoking liquor, formerly mention'd, whoſe parts, tho? they 72 
tranſparent, whilſt they compos'd a fluid; yet when the _ 5 
upon unſtopping the glaſs, were put into a new motion, an wn , 
ter a new manner, they rende1'd that part of the air opake, w rein th 
mov'd, and exhibited a greater whiteneſs than ſometimes appears in on 

ver. 

"_ as to the reaſon why our phenomenon appears not 1 4 
member not that we ever made the experiment in a ſmall _ Y 0 
finding the expected whiteneſs. But it remains to be — N 1 
our great receiver, the phenomenon ſhould ſometimes be ſeen, . 4 
not. All I have to ſay on this head is, that the air about us, 1 > 
more that within the receiver, may be much alter'd by ſuch caſes, 1 
are aware of. The learned Jeſepbus Acoſta tells us, that“ in America | 
*© are winds which naturally trouble the water of the ſea, making — 
** and black, and others as clear as cryſtal.” And, tho' we „ 
into the receiver, the ſcales and the pendulums, formerly * p : 
and bright; yet, after the veſſel had been emptied, and, the * 5 
again, the luſtre of both appear'd tarniſh'd by a beginning cl. 
laſtly, having, with pure ſpirit of wine, drawn a tranſparent _ 
of a certain concrete, commonly reckon'd among minerals, r low 
cryſtal-vial, carefully ſtopp'd it, and lock'd it up in a preſs; and t ary 
being a chymical rarity, and of a pleaſing golden yay = 32 
occaſion to view it; and took notice that once it ſeem'd to be very ti 


: {ck 
whereupon, we imagin'd it poſſible, that ſome of the mineral corpu 1 
ares preci po But finding, after ſome days, that tho no Pd 
tion had been made, and that the liquor, retaining its former of _ 
was grown clear again, as before; we lock'd it up again in the al 18 
and reſolv'd to obſerve whether the like changes would again mas * 
our tincture; and, in caſe they ſhould, whether they might be ache, 


: . art of 4 
the alterations of the weather. But tho' during the greateſt Pain 
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Iigter, and a ſpring, we obſerv'd the liquor would often grow nnd: mne 
Id after a while, clear again; yet we could not find, chat it depended 
on any manifeſt changes in the air; which would be often dark and 
Wloudy, when the tincture was clear and tranſparent ; as, in clear wea- 
Per, the liquor would, ſometimes, appear troubled, and more opake. | 
28. Into a glaſs vial, open at the top, we puta mixture of ſnow, and com- Vater mary is 
on ſalt; and in the midſt of this mixture, ſet a cylindrical glaſs, cloſely” =” 8 
Kopp'd at the lower-end, and open at the upper, where we fill'd it with 
mmon water; then let them all down into the receiver; and the pump 
ing ſet on work, the ſnow began to melt faſter than we expected. How- 
Wer, by that time the receiver had been conſiderably exhauſted, which 
S was in leſs than a quarter of an hour, we perceived the water, near the 
ottom of the glaſs cylinder, to freeze; and the ice, by a little longer 
ay, ſeem'd to increaſe, and to riſe ſomewhat higher than the ſurround- 
Ho. ſurface of the liquor whereinto, almoſt all the ſnow and falt were 
Wfolved. The glaſs being taken out, it appeared that the ice, was as 
Pick as the inſide of the veſſel it filled; tho', into that, I could put m 
Dumb. The upper ſurface of the ice was very concave, and held a- 
zinſt the light, appear*d not deſtitute of bubbles; tho? they were fewer 
i Wn if the water had been frozen in the open air. The like experiment we 
Wade, alſo, in one of our ſmall receivers, with like ſucceſs. 
| But, whence proceeds that ſtrange force, we may ſometimes obſerve in 
y ren water, to break the bodies that impriſon it, tho? hard and ſolid? A - 
ah dne-cutter, lately complained to me, that, ſometimes, thro? the negli- 
nce of his ſervants, the rain being ſuffer'd toſoak into marble, the violent 


| ots coming on, would burſt the ſtones. And, another tradeſman com- 

* jin'd, that, even implements made of bell- metal, being careleſly expos'd 

a the wet, have been broken and ſpoiPd by the water, which, having en- 

itt d at the little cavities of the metal, was there, afterwards froze and ex- 

gu ded into ice. And Cabeus tells us, that he ſaw a huge veſſel of exceed- 

p hard marble ſplit aſunder, by congeal'd water. I know it will be ſaid, 

1 p olve this problem, that congelation doth not reduce water into leſs ſpace, 

q n it before poſſeſs'd, but, rather makes it take up more. But, tho? we 

= int, that water ſwells in freezing; yet how cold, which, in weather- 

* cs, manifeſtly condenſeth air, ſhould expand either the water or the 

8 cepted air, ſo forcibly as to perform what we have here related, re- 

* ins to be diſcover'd. 
Nik 9. We took an oval glaſs, clear, and pretty ſtrong, with a ſhort neck 4 water ther- 
„ the obtuſer end, thro? which we thruſt, almoſt to the bottom, a pipe of neter in va- 
rp! * (5, and cloſely cemented it to the neck: the upper part of the pipe e. 
oy $ drawn, in ſome parts, more ſlender than a crow's quill, that the chan- 
00 0 of the air in the glaſs-egg, might be the more conſpicuous; then we 
Re ry eyed into the glaſs, five or fix ſpoonfuls of water, part of which, 
15 ö ng air into the egg, was rais'd into the ſlender part of the pipe; 


the water was interpoſed between the external air, and that in- 
ded in the egg. 


This weather-glaſs, was ſo placed, and cloſed up** 41 
Nnn2 in 
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PnxuMATICS jn the cavity of a ſmall receiver, that only the ſlender part of the 


Inſects in va- 
cuo. 


to the height of four or five inches, paſſing thro? a hole in the cove; 
main*d expos'd to the open air. | ö 

In evacuating the receiver, the water, in the pipe, deſcended abou 
quarter of an inch; and this upon two or three repeated trials; which 

ſeem'd to argue, that there was no heat produced in the receiver, upon th 
exſuction of the air: for even a little heat would probably, have been a 
cover*d by that weather-glaſs; ſince, by the bare application of my kay 
to the outſide of the receiver, the warmth, after ſome time, having ben 
propagated thro? both the glaſſes, and the interval betwixt them, to tþ 
impriſon'd air, ſo rarify'd it, that, by preſſing upon the ſubjacent vam 
it impelld that in the pipe much higher than it had fallen downwards, Up 
the exſuction of the air. 

Yet we do not hence conclude, that in the cavity of the receiver thecl 
was greater after the extraction of the air, than before. 

If it be demanded, what then could cauſe the water to ſubſide; we w 
ſwer, that, probably, it was the ſtretching of the glaſs-egg, which, uy 
the exſuction of the ambient air, was unable to reſiſt, as formerly, the p 
ſure of the included air, and of the atmoſphere, which, by the interny 
tion of the water, preſs'd upon its concave ſurface. This ſeems probably 
as well from the experiment about breaking a glaſs, by the force of f 
atmoſphere, as becauſe, when by drawing the air out of the receiver, th 
water in the pipe, was ſubſided, upon the re-admiſſion of the external 
to preſs againſt the convex ſurface of the egg, the water was preſently t 
impell'd to its formerly height: for, if a glaſs-egg be blown exceeding th 
and afterwards broken, you may, by degrees, conſiderably bend ſomem 
row parts of it; and upon the removal of what kept it bent, it will tac 
recover its former ſtate. From our experiment, then, it appears eithertl 
there ſucceeds no body in the room of the air drawn out of the receiver; 
that every ſubſtance is not ſubtile enough, readily to paſs the pot q 
glaſs tho? always ſufficiently agitated to produce heat, wherever it i 
in plenty. So that if we admit no vacuum, this experiment requires us 
allow a great diſparity, either as to bulk, or agitation, or both, ben 
ſome parts of the ætherial ſubſtance, and thoſe which, here below, i 
duce heat and fire. 3 

We try'd, alſo, what operation the extraction of the air would lu 
upon camphire; which conſiſts of ſuch: volatile parts, that they vil a 
hale without any greater agitation, than that of the open air. Butwel 
not, that even this looſe body, was ſenſibly alter'd thereby. 

40. We convey'd a large fleſh-fly into a ſmall receiver; and, at ano 
time, ſhut into a great receiver, a humming- bee, that appear'd ſtro 
and lively; we alſo procured a white butter-fly, and incloſed it ina 

receiver; where, though at firſt, he fluttered about, yet, preſ 
upon the exſuction of the air, he fell down, as in a ſwoon ; retaining! 
other motion, than ſome little trembling of the wings. The fly, after i 
exſuctions of the air, dropp'd down from the ſide of the glaſs, where 
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dive, we convey'd in with her a bundle of flowers, which remain'd ſuſ- 
ended by a ſtring, near the upper-part of the receiver; and having pro- 
oked the bee, we excited her to fly up and down the veſſel, till, at length, 
e lighted upon the flowers, when we preſently began to draw out the 
and obſerv'd, that tho*, ſor ſome time, ſhe ſeem'd to take no notice 
f it, yet, within a while after, ſhe fell down from the flowers, without 
aking any uſe of her wings. 


rk, one of whoſe wings had been broken by a ſhot; but, notwithſtanding 
is hurt, the bird was very lively; and put her into the receiver, where- 
\ ſhe, ſeveral times, ſprung up to a conſiderable height. The veſſel being 
refully cloſed, the pump was diligently ply'd, and the bird, for a while, 
ppear'd lively enough; but, upon a greater exſuction of the air, ſhe began 
anifeſtly to droop, and appear ſick ; and, very ſoon after, was taken 
ith as violent and irregular convulſions, as are obſerv'd in poultry, 
hen their heads are wrung off, and died; (tho? when theſe convulſions 
ppear'd, we let in the air,) with her breaſt upward, her head down- 
ird, and her neck awry ; and this within ten minutes, part of which 
e had been employ*d in cementing the cover to the receiver. Soon 


e receiver; and proſecuting the experiment, as with the former, ſhe ap- 
ar'd to be dead within ſeven minutes; one of which was employ'd in 
menting on the cover: but, upon ſuddenly turning the key, the freſh 
flowing in, began ſlowly to revive her ; ſo that, after ſome pantings, 
open'd her eyes, and regain'd her feet, and, in about a quarter of an 
ur after, attempted to eſcape at the top of the glaſs, which had been 
ſtopp'd to let in the air upon her: butthereceiver being clos'd the ſecond 
X ſhe died, violently convuls'd, within five minuts from the firſt ſtroke 
the pump. 
hen we put in a mouſe, newly caught, and, whilſt he was leaping up very 
zh in the receiver, we faſten'd the cover to it; expecting that an ani- 
| uſed to live with very little freſh air, would endure the want of it 
ter than the birds; but tho*, for a while after the pump was ſet on 
rk, he continu'd leaping up, as before; yet *twas not long er he be- 
to appear ſick, giddy, and to ſtagger; after which, he fell down as 
d, but without ſuch violent convulſions as the birds had: when, 
ly letting in ſome freſh air upon him, he recover'd his ſenſes, and his 
but ſeem'd to continue weak and fick ; at length, growing able to 
„ as formerly, the pump was ply'd again, for eight minutes; a- 
it the middle of which ſpace, a very little air, by miſchance, got in at 
ſtop-cock; and about two minutes after that, the mouſe, ſeveral 
es leap'd up lively; tho', in two minutes more, he fell down quite 
a yet with convulſions far milder than thoſe wherewith the birds ex- 
d. This alacrity, ſo little before his death, and his not dying _ 
than 


er we put a lively hen- ſparrow, which was not at all hurt, into 
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u walking: but, that the experiment of the bee might be more inſtru. Pu eres 


41. To ſatisfy ourſelves, in ſome meaſure, why reſpiration is ſo ne- Bird: and mice 


Mary to the animals, that nature hath furniſh'd with lungs, we took a #n 4 exhay/- 
ed receiver. 


the more ſtrange, becauſe, during a great part of thoſe few minut 


in much leſs than a foot of the bottom. And, by the exſuction of the, 
and interſperſed vacuities, there was left in the receiver, a ſpace 10 
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E char at che end of the eighth minute, ſeem'd owing to the air that 6 Bors 
into the receiver: for, the firſt time, the convulſion ſeiz'd him, in as = 
3 f | 


| pry (| 


4 [i 
De ji 


nutes after the pump began to be work'd. Theſe experinicnt; 


ſeen] 
8 ) the 


engine could but inconſiderably rarity the air, and that too by dere hilde 

and at the end thereof, there remain'd in the receiver, a large * _ 
anti | 

| In bot 


for, as we formerly ſaid, we could not draw down water in a tube, v. 
* Intous 
Dncra 


hundreds of times exceeding the magnitude of the animal, to receiye ꝶ | Anc 


fuliginous ſteams, from which, expiration diſcharges the lungs, and ud 1 toy 
in the other caſes, may be ſuſpected, for want of room, to ſtifle thoſe ow 
mals that are cloſely pent up in too narrow receptacles. 7 3 
Having cauſed theſe three creatures to be open'd, I could diſcover ia = 
of what we ſought for, and might poſſibly have found in larger aim 
for tho? the lungs of the birds appear*d very red, and, as it were mn Ber 
med; yet that colour is uſual in the lungs of ſuch winged animals: 0 Err 
in almoſt all the deſtructive experiments, made in our engine, the anind | Gs 
appear'd to die with violent convulſive motions. From whence, whety * 
phyſicians can deduce any thing towards the diſcovery of the nature cfm + 
vulſive diſtempers, I leave to them to conſider, | 1 
And, to obviate objections, and remove ſcruples, about the fuligin on 
ſteams of pent up animals, which are ſuppoſed to kill them; we ſhut e 
another mouſe, as cloſe as poſſible, in the receiver, where it liv'd ah al 
three quarters of an hour; and might, probably, have done fo, mu 3 
longer, had not a perſon of quality deſir'd to ſee whetner the mouſe cal oh 
be kill'd by the exſuction of the ambient air. Upon this, we open d, i __ 
a while, an intercourſe betwixt the air in the receiver and that withoy w 
whereby the mouſe might be refreſh'd, tho* without uncementing the cor ah 
at the top; to avoid the objection that, perhaps, the veſſel was not nn 
cloſely ſtopp'd for the exſuction of the air than before. 5 
The event was, that after the mouſe had liv'd ten minutes, the pump J. g 
being a little out of order, he died with convulſive motions; ve 7 
made two or three bounds into the air, before he tell down dead. | 
I alſo cauſed a mouſe, that was very hungry, to be ſhut up all ng 4 tay 
into a well-cloſed receiver, with a bed of paper for him to reſt on; al — 
causꝰd the engine to be placed by the fire· ſide, to keep him from beige that 
: ſtroy'd by the immoderate cold of a froſty night; and, the next morily Flr 
I ſound that he had devour'd a large part of the cheeſe that had been a Da . 
up with him. And having thus kept him alive full twelve hours, Ws yu 
ſucking out part of the air, brought him to droop, and to appear ſwell hana 
bur, by letting it in again, we ſoon reduc'd him to his former livelines ich 
The nature of It may be here expected, I ſhould attempt to clear the nature on 
=> ages ration; but pretend to go no farther in it than our engine leads me. to m 
Ader d. *T'is alledged by thoſe who would have the lungs rather paſſive Ierdam 


active, in reſpiration, that as the lungs, being deſtitute of mu 
2 . 
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=... they would not be fil Pd with air: ſince, as Dr. Higmore hath well ob- 
1%, if a live dog hath a great wound made in his cheſt, the lobes of 
lings, on that ſide of the mediaſtinum, will collapſe and he till; 
& i the thorax, and the lobes on the other ſide of the mediaſtinum, con- 


W..-. are unfit to dilate themſelves ; ſo, without the motion of the tho- P** 2+ 47re: 


Un} 
Mmalx 


Taue their former motion. And if, at once, the muſcles of the cheſt be 
ES. both ſides diſſected ; upon the ingreſs of the air, the whole lungs, thoꝰ 
couch'd, will remain without motion, at leaſt as to any expanſion, or 
ontraction of their ſubſtance, 

| And Bariboline affirms, that if the diaphragm be wounded, the lungs will 
together, and reſpiration ceaſe; which appears to be true, provided the 
ound be large. 
ent of ordinary reſpiration ; tho” the intercoſtal muſcles, and, perhaps, 
me others, may be allow'd eminently to concur in extraordinary cafes. 


And, indeed, the diaphragm feems the principal inſtru- 


it is not yet decided, what conveys air into the lungs; for *tis demand- 
what ſhould bring the air into the lungs, if they do not attract it? 


5 


nll this queſtion, ſome of the beft modern philoſophers anſwer, that, by 
: bn - dilatation of the cheſt, the contiguous air is thruſt away; and that 
nina, fling upon the next air to it, and fo onwards, the propulſion is conti- 
het ed, till the air be drawn into the lungs, and ſo dilates them. It is 
ofen ain objected by Bartholme, that, according to this doctrine, a man 
4 d not fetch his breath from a great veſſel, with a flender neck, full of 
18100 ; becauſe, when his mouth covers the orifice of the neck, the dilata- 
hut y nof his thorax could not propel the air of the veſſel into his lungs; being 
| abve arated by the incloſing veſſel, from the ambient air: and yet, it will be 
„ Mil |, experience witneſſeth, that out of ſucha veſſel a man may fuck air. But 
0 Cale difficulty our engine can eaſily ſolve; ſince many of the preceding ex- 
n'd, i iments ſhew, that, in this caſe, there needs no propulſion of the air, 
ibo the ſwelling thorax, or abdomen, into the lungs: ſince, upon the bare 
he cot tation of the thorax, the ſpring of that internal air, which poſſeſſes as 
as 00: h of the cavity of the cheſt, as the lungs fill not, being much weak - 
the external and contiguous air, muſt neceſſarily preſs thro” the open 
ie pu? : pipe into the lungs, as finding there the leaſt — — 
dern dend hence, by the way, we are aſſiſted to judge of that famous contro- 
118 y, among naturaliſts and phyſicians, ever ſince the time of Galen; 
abe maintaining that the cheſt with the contain'd lungs reſembles a pair 
on; 1c !lows, which are therefore fill'd, becauſe dilated: and others plead- 
bc102 2 char the compariſon ſhould be made with a bladder, which is there- 
mont dilated, becauſe it is fill'd. For, as to the thorax, it ſeems evidently 
been a pair of bellows, to be partly fill'd with air, becauſe it was dilated 
S, ce as for the lungs, Which want fibres to diſtend them, they may fitly. 
ar 1 ; ompared to a bladder; ſince they are dilated, by being fill'd with that 
live 7 yhich ruſheth into them, upon the dilatation of the cheſt, in the cavity 
rc Aug of, it finds leſs reſiſtance to its ſpring than elſewhere. And this 
$ — | to mind that ſtrange obſervation of Nicholaus Fontanus, a phyſician at 
nue eam, who declares, that, in a boy of the ſame city, four years old, 


9 
* 


there 
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PxzunATics there was found, inſtead of lungs, a certain membranous bladder, Which 
} 
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being fill'd with air, and furniſh'd with little veins, had its origin ft Bl 
the wind- pipe. This being ſuppoſed true, I leave it to be conſider'y * whic 
well it will agree with moſt of the opinions, as to reſpiration. ha It 
And thus may the grand objection of Bartholine, and others, be . vont 
ſwer' d; but leave anatomiſts to conſider what is to be ſaid to ſome ob veher 
vations, that ſeem to contradict thoſe anatomical experiments above n. whok 
tion'd: ſuch was, particularly, that in Sennertus, of a melancholy ſtudey 1 ſt 
who, having ſtabb'd himſelf, and pierc'd the diaphragm in the tending, RS ar. ,! 
part, lived ſeven months after the wound was made; but, dying at length [ of th 
it appear'd ſo great, being, perhaps, dilated by his ſtraining to vom MR of 
that the whole ſtomach was found to have got by it into the left ſid: 4 being 
the thorax. And ſuch alſo was the accident which happen'd to a not, im 
man whom I have ſeen, and who is yet alive; in whoſe cheſt, there h the 
for theſe many years, remain'd a hole ſo great, that the motion of ly 4 * tha 
heart may be perceiv'd thro? it. An ingenious conjecture hath been ma But, 
at the cauſe of the ſudden death of animals in the exhauſted rec; M '*") 
which ſuppoſes it to be, not the want of air that deſtroys them, but ir that 1 
preſſure of that in the cavity of the cheſt ; as if the ſpring thereof, bei ine 
no longer balanced by the ambient air, thereby becomes ſo ſtrong, ay Ma 
keep the thorax forcibly diſtended, hinder its wonted contraction, andi neat i 
compreſs the lungs and their veſſels, as to obſtruct the circulation of th They, 
blood. But Wallzus relates, that he often obſerv*d, in the diſſectiond denſe 
live bodies, the membrane which inveſts the lungs, had pores in i, the lu 
as big as the larger ſort of peas: which agrees with the obſervation make 
chirurgeons and phyſicians, that matter, collected in the thorax, hath indeed 
netrated into the lungs, and been diſcharged by coughing. And mod e un 
the animals, kill'd in our engine, were birds; whoſe lungs, Dr. Hari - Wii 
obſerv'd, very manifeſtly to open, at their extremities, into the abdoner vera. 
and, by ſuch perforations, we may well ſuppoſe the paſſage free, beum hich 
the external air, and that in the abdomen. Beſides, to ſhew that the mi any ſe 
mals, which expired in our glaſſes, need not be ſuppoſed to have been bild vhoſe 
by the want of air; we foreſee another argument which ought not to be pred 
conceal'd. The poſſibility of a vacuum is frequently deny'd; andthe eralit 
ſpaces void of air, and other groſſer bodies are, all of them, ſuppoſed old. ! 
exactly repleniſhed with a certain ethereal matter, ſo thin and ſubtile, tht eat 15 
it can freely penetrate the pores of the moſt compact, and cloſe bodis "he b 
even glaſs itſelf. Hence it may be ſaid, that the animals included in ai 2 0 
receiver, died not ſo much for want of air, as becauſe the air pun ** © 
out, was neceſſarily ſucceeded by an ethereal ſubſtance, which, conliltn er, wi 
of parts vehemently agitated, and ſo very ſmall, as, without reſiſtant m be 
to paſs in and out, thro? the pores of glaſs ; a conſiderable quantity ofii _ 
reſtleſs matter, meeting together in the receiver, may be quickly able, ; Eng 
che exceſſive heat of it, to deſtroy a little animal, or, at leaſt, make li 55 ws 


air too hot to be fit for reſpiration. 
5 


* 
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* 


Phyfico-mechanical Experiments. 


which ſhew no heat to be generated in our exhauſted receiver. 
It might, alſo, ſeem probable, that, upon the ſudden removal of the 
Vonted preſſure of the ambient air, the warm blood of our animals was ſo 
vchemently expanded, as to diſturb the circulation, and ſo diſorder the 
W whole œconomy of the body; did ſuch animals, alone, as are of a hot 
E conſtitution, loſe their lives in the exhauſted engine. But as to the uſe of 
air, in reſpiration, *tis known to ſerve in the production and modulation 
of the voice; the expulſion of excrements, by coughing ; the conveying 
nn of odours, by inſpiration, Sc. which are rather convenient for the well- 
being of an animal, than neceſſary to lite. Hippocrates fays, of the air in 
animals endow*d with lungs, that“ tis the cauſe both of life, and diſeaſes ; 
that 'tis ſo neceſſary, a man cannot live part of a day without it; and 
that reſpiration, alone, is the action which can never be ſuſpended.” 
But, as to the reaſon why the inſpiration, and expiration of air, are ſo 
very neceſſary to life, both naturaliſts, and phyſicians, differ ſo widely, 
tat it will be very difficult, either to reconcile their opinions, or deter- 
mine their controverſies, i ; 
= Many ſuppoſe the chief uſe of reſpiration, is to cool and temper that 
heat in the heart and blood, which would, otherwiſe, be immoderate. 
They, alſo, ſuppoſe, that the air is neceſſary, by its coldneſs, to con- 
denſe the blood that paſſeth out of the right ventricle of the heart into 
the lungs; whereby it may gain ſuch a conſiſtence, as is requiſite to 
make it fit fewel for the vital flame in the left ventricle of the heart. And 
indeed, fiſh, and other cold creatures, whoſe hearts have but one cavity, 
Fare unprovided of lungs. But, tho', poſſibly, the air inſpir'd, may, ſome- 
times, be of uſe in refrigerating the heart; yet, it may be objected, that 
everal cold creatures, as, particularly frogs, ſtand in need of reſpiration 
hich ſeems unneceſſary for refrigeration to them, who are deſtitute of 
ny ſenſible heat, and live in the cold water; that even decripid old men, 
whoſe natural heat is very languid, and almoſt extinguiſh'd, have, yet, a 
eceſſity of frequent reſpiration 3 that a temperate air, is fitteſt for the ge- 
erality of breathing creatures; and as an air too hot, ſo alſo, an air too 
Fold, may be inconvenient for them; that in ſome diſeaſes, the natural 
, ur eat is fo weaken'd, that were the uſe of reſpiration to cool, it would be 
WW ore hurtful than beneficial, Sc. Theſe, and other objections, might be 
n ppos'd, and preſs'd, againſt the recited opinion; but, we ſhall only add, 
0 noe hat it appears not, by our foregoing experiments, in the exhauſted recei- | 
"(ito © where animals die fo ſuddenly, for want of reſpiration, that the am- 
alte ent body is ſenſibly hotter than the common air. 
all Others will have the very ſubſtance of the air to get, by the veſſels of 
Able, | he lungs, to the left ventricle of the heart, not only to temper its heat, 
nake Mt to provide for the generation of ſpirits. And theſe alledge the autho- 
Ity of the ancients, among whom, Hippocrates ſeems, manifeſtly, to fa- 
our their opinion; and both Ariſtotle and Galen ſometimes appear incli- 
able to it. But, it ſeems very difficult to ſhew, how the air is convey'd 
Vo I. II. O O o into 


Iready anſwerꝰd thi objection, by the late experiments; PU 
But we have already anſwerꝰd this obj y pe —— 
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PrzvMATICS into the left ventricle of the heart; eſpecially, ſince the ſyſtole and diagy. 
of the heart and lungs are very far from ſynchronal ; beſides, the {pig 
appearing to be, but the moſt ſubtile and unctuous particles of the bog 
ſeem of a very different nature from that of dry incombuſtible corpyſcly 

of air. | 

Another opinion of reſpiration makes the genuine uſe of it to be g 

ventilation of the blood, in its paſſage thro? the lungs 3 whereby it is di. 

burthen'd of thoſe excrementitious ſteams, proceeding, for the moſt pin, 

from the ſuperfluous ſeroſities of the blood and chyle. But, this hypothe. 
ſis may be explain'd two ways. For the neceſſity of air in reſpiratiqy 
may be ſuppos'd to proceed from hence; that, as a flame cannot long (yl, 
fiſt in a narrow and cloſe place, becauſe the fuliginous ſteams, it continy. 
ally throws out, cannot be long receiv*d into the ambient body, which, 
after a while, growing too full of them, to admit any more, ſlifles it; þ 
the vital fire in the heart requires an ambient body of a yielding nature 
to receive into it the ſuperfluous ferofities, and other recrements of th 
blood; the ſeaſonable expulſion whereof, is requiſite to depurate the mal 
and. make it fit, both to circulate, and to maintain the vital heat reſidig 
in the heart. The other way, is, by ſuppoſing, that the air doth, not only 
as a receptacle, admit into its interſtices the excrementitious vapours of the 
blood, when they are expelPd thro? the wind- pipe; but alſo conveys then 
out of the lungs; becauſe the inſpired air, reaching to all the ends of th 

Afpera Arteria, there aſſociates itſelf with the exhalations of the circulating 

blood; and when it is exploded, carries them away with itſelf, as wind 

ſpeedily dry up the ſurfaces of wet bodies. 1 

Now, to the firſt of theſe two ways, our engine affords us this ob. 
ction; that upon the exſuction of the air, the animals die a great dt 
fooner, than if it were left in the veſſel ; though, by that exſuction, tis 
ambient ſpace is left much more free to receive the ſteams, that are eiti 
breath'd out of the lungs of the animal, or diſcharg'd by inſenſible mn 
fpiration. 

But, if the hypotheſis be taken in the other ſenſe, it ſeems agrecabieto 
that grand obſervation, which the phenomena of our engine, and tie - 
lations of travellers ſuggeſt, that there is a certain conſiſtence o! it re 
quiſite to reſpiration ; ſo that, if it be too thick, and already over-charg' 
with vapours, it will be unfit to unite with, and carry off thoſe of tt 
blood; as water will diſſolve, and aſſociate, but a certain propa#tion0 
faline particles; and, if it be too thin, the number or ſize of the aerial 


particles 1s too ſmall to receive, and carry off the excrements of the blood 


in due quantity. 


Now, that air too much thicken'd with ſteams, is unfit for reſpiratio 
appears by what happens in the lead- mines of Devonſbire, and, perhaps 
of ſome other countries; for, I am credibly inform'd, that damps cf 
riſe here, which ſo thicken the air, as ſuddenly to ſtifle the work 
And, that this proceeds, not from any arſenical, or poiſonous exbalats 


contain'd in the damp; but, from too great a condenſation of — 
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candles, or lamps; and alſo, becauſe in thoſe cellars, where large quanti- 
ties of new wine are ſet to work, men have been ſuffocated by the ſteams 
exhaling from the muſt, and too much thickning the air; for this reaſon, 
in ſome hot countries, thoſe who have occaſion to go into ſuch cellars, 
carry with them a quantity of well-kindled coals, which they hold near 
their faces, whereby the fumes being diſſipated, and the air rarified, the 
ambient body is reduc'd to a confiſtence fit for reſpiration. 
E And, by way of confirmation hereof, we may add, that in a ſmall re- 
ceiver we carefully clos'd a bird, which, tho? for a quarter of an hour, he 
E feem'd not much prejudic'd, by the cloſeneſs of his priſon, he, afterwards, 
began to pant vehemently, keep his bill open, and appear very ſick ; and 
Wat length, after ſome long and violent ſtrainings, he caſt up a little matter 
out of his ſtomach ; and this he did ſeveral times, till growing ſo ſick, 
that he ſtagger'd, and gaſp'd, and was ready to expire. Now, we percei- 
oed, that within three quarters of an hour, from the time he was put in, 
he had ſo thicken'd, and tainted the air, with the ſteams of his body, that 
it was become altogether unfit for the uſe of reſpiration; which is no 
Wonder, ſince, according to Sanorius, that part of our aliment, which 
Weocs off by inſenſible perſpiration, exceeds, in weight, all the viſible, and 
rofſer excrements, both ſolid, and liquid. 
That air too much dilated, is unfit for reſpiration, the ſudden death of 
Wnimals kill'd in our exhauſted receiver, ſufficiently manifeſts. And it 
ay well be doubted, whether if a man were rais'd to the very top of the 
1 tmoſphere, he would be able to live there many minutes. Joſephus Acoſta 
Ells us, that when he himſelf paſs'd the high mountains of Peru, to which, 
e ſays, the Alps ſeem'd but as ordinary houſes, compar'd with high tow- 
$3 he and his companions were ſurpriz'd with extreme pangs of ſtrain- 
g, and vomiting blood, and with fo violent a diſtemper, that he con- 
udes, he ſhould undoubtedly have died, but, that this laſted not above 
Pee or four hours, before they came into a more natural temperature of 
Our author adds, that he is therefore perſuaded, ** the element of the 
air is there ſo ſubtile and delicate, as to be inconſiſtent with the reſpira- 
tion of man, which requires a 3 groſs and temperate air.“ 
t 


F " But, perhaps, the air doth ſome ing more, than barely help to carry off 
_ W3t 1s thrown out of the blood, in its paſſage thro' the lungs, from the 
jt pit ventricle of the heart to the Jeft, For in phlegmatic conſtitutions, 
wy q Ciſeaſes, the blood will circulate tolerably well, notwithſtanding its 
| * ing exceſſively ſerous; and in aſthmatical caſes, tho? the lungs be great- 
b ſtuff 'd with viſcid phlegm, yet the patient may live for ſome years; 

I ence it is ſcarce probable, that either the detention of the ſuperfluous 
1 1 of the blood, for a few moments in the lungs, ſhould be able to kill 
er 75 erſectly ſound and lively animal; for we commonly found, upon re- 
5 © ated trials, in a ſmall receiver, that, within half a minute, a bird would 


lurpriz'd by mortal convulſions, and within a minute more, would die, 
ond a poſſibility of recovery from the air, tho? never ſo haſtily let in. 
O Oo O 2 And, 


467 


ſeems probable, becauſe it often leiſurely extinguiſhes the flames of their Pures 
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Pxzvmarics And, what ſhews it was not the cloſeneſs of the veſſel, but the ſuddey tx. 
ſuction of the air, that kill'd thoſe creatures ſo ſoon; we once inclog4 
bird in a ſmall receiver, where, for a while, he eat very chearfully ſoms 
ſceds that we convey*d in with him; and not only liv'd ten minutes, hu 
had, probably, ſurviv'd much longer, tho he had not been reſcu'd. Ag. 
ther bird being, within half a minute, caſt into violent convulſions, ypg, 
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the exſuction of the air; we haſtily turn*d the ſtop· cock, to let it in again, WM E 
whereby the gaſping animal was preſently recover'd. And at another one 

| June, 


time, we, at night, ſhut up a bird in one of our ſmall receivers, and , 
ſerv'd, that, for a while, he was ſo inſenſible of the alteration of the air, 
that he fell aſleep, with his head under his wing; and tho? he afteryay 
awak*d ſick, yet he continu'd upon his legs for above 40 minutes, ay 


. ever, 
bea v 


then ſeeming ready to expire, we took him out, and ſoon found him lu * : 
Upon the whole, there appears reaſon to ſuſpect, that there is ſome ue Mog th 
the air, which we do not yet thoroughly underſtand, that makes it ſors. Mliadle 
ceſſary to the life of animals. E yd 
Paracelſus indeed tells us, that ** as the ſtomach concocts the alime, WA refidin 
* and makes part of it uſeful to the body, rejecting the other; ſo of 
* lungs conſume part of the air, and reject the reſt.” Whence, acom Wiuming 
ing to him, we may ſuppoſe a little vital quinteſſence in the air, wid ich t 
ſerves to refreſh and reſtore our vital ſpirits ; for which purpoſe, the gra. WG o on! 
ſer, and far greater part of the air, being unſerviceable, it is not {try iguors 
that an animal ſhould inceſſantly require freſh air. This opinion index PP 
is not abſurd, but it requires to be explain'd and prov'd; beſides, ſore dame o 
objections may be made to it, from what has been already argu'd agi Dr.! 
the tranſmutation of air into vital ſpirits. Nor is it probable, that the bir © in th 
want of the generation of the uſual quantity of vital ſpirits, for leſs tan . yet, 
minute, ſhould be able to kill a lively animal, without the help of ang . * preſc 


ternal violence. And, upon this ſuppoſition, Cornelius Drebell, is affim's 
by many credible perſons, to have contriv'd a veſſel to be row'd unde u. 
ter; for Drebell conceiv'd, that it is not the whole body of the air, but! 
certain ſpirituous part of it, that fits it for reſpiration 3 which being ipent, 
the remaining groſſer body of the air, is unable to cheriſh the vital fame re 
ſiding in the heart. So that, beſides the mechanical contrivance of his boat, 
he had a chymical liquor, which, by unſtopping the veſſe] wherein it 3s 
contain'd, the fumes of it would ſpeedily reſtore to the air, foul'd by reſpt 
ration, ſuch a proportion of vital parts, as would make it again fit tor ti 
office; and having made it my buſineſs to learn this ſtrange liquor, tus 
lations conſtantly affirm'd, that Drebell would never diſcloſe it, but to 
perſon, who himſelf told me what it was. I have therefore been ſometimt 
inclin'd to ſuppoſe, the air neceſſary to ventilate and cheriſh the v 
flame, which ſome imagine to be continually burning in the heart; f 
that, in our engine, the flame of a lamp will vaniſh almoſt as ſoon continue 
the exſuction of the air, as the life of an animal. We have mat It is mu 
hard body, in the form of a clove, but twice as long, and proportional Ot of the 


thick, oſ ſuch a compoſition, that if it be kindled at the upper end, 1 GS, ma 
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oft | | 
5 often convey'd, kindled at the upper end, into a ſmall receiver; but 


W 4:1] found, that tho? preſently, upon the exſuction of the air, it would 
kave ſmoking, and ſeem quite gone out; and again begin to ſmoke, as 
Con as the air was let in upon it; yet if the air were kept out but four or 
ge minutes, the fire would be totally and irrecoverably extinguiſh*d. And, 
conreying a ſmall lamp into a large receiver, with highly rectified ſpirit of 
vine, we could not, upon ſeveral trials, make the flame laſt two mi- 
nutes after the air was began to be drawn out. This latter opinion, how- 
ever, has its difficulties: for tho?, in the hearts of many animals, the blood 
be a warm liquor, and, in ſome, even hot; yet it is hard to conceive either 
no the air can get thither; or how, in caſe it could, it ſhould increaſe the 
beat: ſince, however the air may increaſe the heat of a coal, by blowing 
Jock the aſhes, and making the active corpuſcles penetrate farther into the 
kindled body, and ſhatter it the more; yet hot liquors have their heat al- 
W1:y'd, by air blown on them. And, ſince ſome naturaliſts think the heat 
Veliding in the heart, to be a true flame, but temperate as the flame of ſpi- 
Wir of wine; which will long burn upon fine linen, or paper, without con- 
Wuming them; I wiſh they had been more curious to make different trials 
ith that liquor. For the flame of highly rectified ſpirit of wine will 
ot only conſume paper, and linen; but I have uſed it in lamps, to diſtil 
iquors out of tall cucurbits, and found that it gave, at leaſt, as great a 
eat as oil: nay, I have readily melted crude gold, with the bare 
lame of this ſpirit. 

Dr. Harvey demands, why a fcetus, even out of the womb, if involv'd 
in the ſecundines, may live, for a conſiderable time, without reſpiration; 
yet, if after having once began to breathe, its reſpiration be ſtopp'd, it 
* preſently dies??? We pretend not to ſolve this problem, but made the 
ollowing experiment with a view to it. We caug'd a bitch to be ſtrangled, 
at was almoſt ready to whelp; and preſently opening her, found four 
uppies; one of which we freed from the coats that involv'd him, and 


* 
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(pent, om the liquor wherein he ſwam, and obſerv*d, that he quickly open'd his 
ne re outh very wide, mov'd his tongue, and exercis'd reſpiration. Then 
boat, e open'd both his abdomen, and cheſt, and cut the diaphragm aſunder 
i 8% Wot withſtanding which, he ſeem'd often to endeavour at reſpiration, and 


emarkably mov'd the intercoſtal muſcles, part of the diaphragm, the 


or outh and tongue. But being deſirous to try whether the other young 
„bees, that had not yer breath'd at all, would long ſurvive this; we took 
toon em out, and having opened them, found none of them ſo much alive as 
meim have any perceptible motion in their hearts; whereas the heart of that 
he nu hich had once enjoy*d the benefit of reſpiration, continued its motion ſo 
art; ö ng, that we obſerved the auricle to contract, after five or ſix hours; and 
200 1 continued about two hours longer. 

made It is much doubted, whether fiſh breathe under water. That ſuch as are 
tionad Ot of the whale kind, have no reſpiration, as *tis exerciſed by beaſts and 
d, 1 cs, may be argued from their having no cavity in their hearts, and from 


md 2 their 


certainly burn away to the bottom, much better than a match: this Pu nes 
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Pxzom4775 their want of lungs, whence they are obſerv'd to be mute; unleſs wer 
tat their gills anſwer to lungs. But that air is neceſſary even to the 10 
of fiſh; and that therefore, tis probable, they have ſome obſcure we 
of reſpiration, ſeems manifeſt from obſervations, and experiments, Seven 
authors tell us, that fiſh ſoon die in ponds, and glaſies quite filbd with 
water, if the one be ſo frozen over, and the other ſo cloſely ſtopp'd, tha 
they cannot enjoy the benefit of the air. And our engine hath taught * 


the N 
and C 
tinue 

| corp 


that many little parcels of interſperſed air lurk in water; and this, pg Ho! 
| haps, fiſh may make ſome ule of. * y mit 
Removing a large eel, out of a veſſel of water, into our great receivg at at 
ve cauſed the air to be evacuated, and obſerv'd, that after ſome moin = 
in the glaſs, ſhe ſeem'd ſomewhat diſcompoſed, and, at length, turn'dy Jum in 
her belly, and afterwards lay altogether moveleſs, as if quite dead ; but k lb an 
on taking her out of the receiver, ſhe ſhew'd herſelf as much alive as befor prratic 
But, indeed, a large grey houſe-ſnail, being clos'd up in one of ov RB rap 
{mall receivers, neither fell down from the ſide of the glaſs, upon das. flity « 
ing out the air; nor was ſo much as depriv'd of progreſſive motiq = 
thereby: tho', except this, we never put any living creature into ou We 
exhauſted receiver, but what gave ſigns of death. Wall re 
Hippocrates, and ſome learned phyſicians of late, ſuppoſe, that a fey ell 
reſpires in the womb ; but it ſeems very difficult to conceive hoy aj . | to be 
ſhould traverſe the body of the mother, and the teguments of the chil i per d 
and ſince nature hath, in new-born infants, contrived peculiar temporay i allneſ 
veſſels, that the blood may circulate thro? other paſſages, than it dos en 
the ſame individuals, when they come to have the free uſe of their lung, WE ects g 
*tis improbable that the foetus in the womb ſhould properly reſpire: bu, AR * © 
then, ſince our experiments have manifeſted, that almoſt all kinds of liquor mine! 
as well as water, abound with interſperſed corpuſcles of air, it ſeems Wi elle 
altogether abſurd, that when the foetus is grown big, it may exerciſe lm: i of tl 
-obſcure reſpiration ; eſpecially ſince children have been heard to «in It 8 
the mother's womb. And I know a young lady, whoſe friends, when he wo 
once went with child, complain'd to me, that ſhe was ſeveral times much r r 
frighted with ſuch cries; which, till I diſabuſed her, ſhe, and ber fin NAC, 
look'd upon as portentous. And *tis no very unfrequent thing, tober e x; 
chick pip in the egg, before the ſhell is broken. This, however, Ia 
bring as a probable argument, till I can diſcover whether the motion of |..." 
rarified ſubſtance, tho? no true air, may not, at the top of the larynx, fo — 
duce a ſound; ſince the blade of a knite, held in ſeveral poſtures, in Vi. =P 
ſeam of the vapours that iflues out of an æolipile, will afford various ll) A 1 s 
very audible founds. I have, alſo, had thoughts of trying to makt * : 
a large receiver, with little glaſs windows, capable of holding a man, vi Lok 
may obſerve ſeveral things as to reſpiration, &c. and, in caſe of fainting. ap 
may, by giving a ſign, be immediately relieved with freſh air. Ang. nd 
ſeerns not impoſſible, that ſome men, by uſe, may bring themſclve 'W... 
ſupport the want of air a pretty while 3 ſince we ſee that ſeveral i 
live much longer than others under water. Thoſe who dive for * * £ 
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and Cardan tells us of one Colanus, a diver in Sicily, who was able to con- 
tinue there three or four times as long. We have alſo often ſeen in England, 
\ corpulent man, who deſcends to the bottom of the Thames, and thence 
Prigs large fiſh, alive in his hands, out of deep holes; as coſt tells us, 
de {aw in Peru, the like manner ot fiſhing practiſed by the Indians. 
However, there are but few men, who, even by uſe, can ſapport, for ma- 
minutes, the want of air: a famous diver, of my acquaintance, te l me, 
Hat at the depth of 50 or 60 feet under water, he cannot continue above 
Eo minutes, without reſorting to the air which he carries down with 
im in an engine. He alſo told me, that by the help of ſpunges dipp'd in 
il. and held in his mouth, he could much longer ſupport the want of re- 
piration, under water, than without them: the true cauſe of which, would, 
Perhaps, if diſcover'd, hint the nature of reſpiration in fiſn. But the ne- 
Wflity of air to the greateſt part of animals, unaccuſtomed to the want of 
may be beſt judg'd of by the following experiment. 
We convey'd a. bee, a fleſh-fly, and a palmer-worm, into one of our 
nal receivers, and upon exhauſting thereof, obſerv*d, that the bee and the 
ell down, and Jay with their bellies upwards, and that the worm ſeem- 
bo be ſuddenly ſtruck dead; all of them lying without motion, or any. 
{ her diſcernible fign of life, in leſs than one minute; notwithſtanding the 
Hallaeſs of the animals, in proportion to the receiver, which too, was not 
Wc [rom leaks: but we had no ſooner re- admitted the air, than all the three 
ects gave ſigns of lite, and, by degrees, recover'd. When we had again 
on out the air, their motions preſently ceaſed, and they fell down, 
mingly dead, as before; continuing moveleſs, as long as, by pumping, 
& vellc| was kept exhauſted. Herein appears the wife conduct and good- 

s of the creator, who, by giving the air a ſpring, hath made it very dif- 
lt to exclude a thing ſo neceſſary to animals. And here we may ſuſ- 
t, that if inſedts have no lungs, nor any part anſwering thereto, the am- 
air affects, and relieves them, at the pores of their ſkin ; for, as Hip- 
Wc; well ſaid, “ a living body is every where perſpirable.** Thus the 

Ilter parts of the air readily inſinuate themſelves into, and recede from 

pores of the beards of wild oats, and of other wild plants, which al-- 
continually wreath and untwiſt themſelves, according to the light- 
Variations in the temperature of the air. 

e, particulary, took notice in this experiment, that, when, at any 
e upon the re-admiſſion of the air, the bee began to recover, the firſt 
of life ſhe gave was a vehement panting, which appeared near the 
; the like we have obſerv'd in bees drown'd in water, when they firſt 
mw ce be revived by a convenient heat; as if the air were, in one caſe, 
wr oper to ſet the ſpirits, and alimental juice in motion, as heat, in the 
nſelves 0 4 gg 
veral Wl 


r pearl 
th 


Ius experiment, alſo, feems to manifeſt, that, even living creatures, 
always excepted, are a kind of very curious machines. For, here we 
mals lively, and perfectly ſound, immediately deprived of motion, 

: and 


the Moſt--Judies, are reported to be able to {tay a whole hour under water: Pines 
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Pxevwarics and all diſcernible ſigns of life, and reduced to a condition that die 
from death, only, in being not abſolutely irrecoverable: and this i : 
form'd without the leaſt external violence, more than is offer*d to: Wing, 
mill, when, the wind ceaſing to blow on the fails, all the ſever] vn 
remain moveleſs, and uſeleſs, till a new breeze puts them again jy 
motion. 

*Tis known, that bees, and ſome other inſects, will walk, and fly, u. 


ben 
| 5 hen 
or tl 
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down 
I grew, 
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ä f Jon its 
great while after their heads are off, and ſometimes one half of the b 3 
Will, for ſeveral hours, walk up and down, when it is ſever'd from they i 
ther; yet, upon the exſuction of the air in this experiment, not onl; ] ion 


progreſſive motion of the whole body, but the very motions of the ing 


immediately ceaſe ; as if the air were more neceſſary to theſe animal; iy WM 8 

their own heads. | Wc 

Bur, in theſc inſects, that fluid body, in which life chiefly reſides, fon 

nothing near ſo diſſipable, as in perfect animals. For, the birds conv; eged 

into our ſmall receiver, were within two minutes, brought paſt recorn; WE: ol; 

but we were unable to kill our inſects by the exſuction of the air: for, lere a 

as long as the pump was kept working, they continued immoveable, yet va ue cor 

that reſted, the air, which preſs' d in at the unperceiv*d leaks, flowly rem vent v 

them to the free exerciſe and functions of life. Without denying, then, ty ith a 

the air may be, ſometimes, very uſeful, by condenſing, and cooling ĩaller 

blood that paſſeth thro? the lungs; Iam of opinion, that the depuration ie liq 

that animal fluid, is one of the ordinary, and principal uſes of reſpimt mes t. 

Whether the 42. Having entertain'd a ſuſpicion, that the action of corroſive mir. v 

action of nen- in diſſolving bodies, may be conſiderably varied by the gravitation, he cor: 

Fraums de. preſſure of the incumbent air, and the removal of it; I examined mi by he 
— 2 = jecture by the following experiment. 3. 

_ I caſt ten whole pieces or ſprigs of red coral, into as much fpnt ir; th 

of vinegar as reach'd an inch above them; then putting thele to WW hilft t 

ther, with the menſtruum, into a long neck'd vial, whereof they it e cox 

fill'd a third part, we convey*d that vial into one of our ſmall receiver arce 3 

and having faſten'd on the cover, we let the liquor remain unmov'da vii. on ma 

But finding, there only aroſe, as before, a number of ſmall bubble, tat pear” 

cauſed no ſenſible froth upon the ſurface of the vinegar 3 we made tw 08S: bybt 

three exſuctions of the air, upon which there roſe from the coral, ſuc yr large 

multitude of bubbles, as made the whole body of the menſtruum aye liquc 

white 3 and ſoon after, yielded a froth, equal in magnitude to the reſ of WE cciver, 

liquor; the menſtruum plainly appearing to boil: tho', if we deſiſted 88S: riment 

one minute from pumping, the decreaſe of the froth, and ebullition, lice t 

the getting in of a little air, at ſome leak or other, ſeem'd to argue, il agai 

the removal of the preſſure of the external air gave occaſion to this "om the 

veſcence. But, for farther ſatisfaction, we let in the external ait t e pum 

ſtop-cock, when, immediately, the froth vaniſhed ; and ſo many d "ar the 

bubbles, within the body of the liquor, diſappear'd, that it loſt its wil wing t 

neſs, and became tranſparent again; the menſtruum, alſo, work ther the 

languidly upon the coral, as before they were put into the rece1ve!: Vor. 
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Hen the ebullition was renew'd; which, at length, grew ſo great, that, 


Liver into the emptied cylinder, the froth overflowed the glaſs, and ran 
own the ſides of it: and yet, upon re-admitting the excluded air, it 
Prew, immediately, calm and tranſparent as if its operation upon the 
oral, had been facilitated by the exſuction of the incumbent air; which, 
WW... its receſs, left it eaſier for the more active parts of the liquor to ſhew 
emſelves, than whilſt the preſſure of the air continued. It may indeed, 
pe ſuſpected, that thoſe vaſt and numerous bubbles proceeded not from the 
aion of the menſt ruum upon the coral, but from the ſudden emerſion of 
ode many little parcels of air, which are diſperſed in liquors; but, 
W:ving had this ſuſpicion before we made the experiment, we convey'd our 
W111 d vinegar, alone, into the receiver, and kept it a while there, to free 
W: from its bubbles, before ever we put the coral into it. It may be ſuſ- 
Wed likewiſe, that the agitation of the liquor, conſequent upon ſhaking 
Me glaſs, by pumping, might occaſion the ebullition; but, upon trial, 
Where appear'd no conſiderable change in the liquor, or its operation, tho? 
We containing veſſe] was ſhaken, if no air were drawn out. The experi- 


ith a ſucceſs very like the former; only the coral, being now reduced to 
Winaller parts, ſo many little Jumps of it would, upon the ebullition of 
he liquor, be carried, and buoy*d up, by the emerging bubbles, as ſome- 
Wimes to darken the vial; tho' they would fall again, upon letting in the 
Wir. We muſt not omit, that, when the ſpiritof vinegar was boiling upon 
he coral, we took out the vial, but could not find that the liquor was ſen- 
Wbly hot. | 


Thillt the water was yet hot, into a ſmall receiver; and having luted on 
(cut de cover, the air was drawn out: upon the two firſt exſuctions, there 
cet, Farce appear'd any change in the liquor; nor was there any great altera- 
while. Won made by the third; but at the fourth, and afterwards, the water 
, (oat pear'd to boil in the vial, as if it had ſtood over a very ſtrong fire; for 
do ue bubbles were much greater than are uſually found upon the ebullition 
large quantities of water. And this efferveſcence was ſo great, that, 
appel e liquor, boiling over the top of the neck, much of it ran down into the 
ceiver, and, ſometimes, continued to boil there. In proſecuting the ex- 
r1ment, we obſerv'd, that, ſometimes, after the firſt ebullition, we were 


, 1 P!iged to make ſeveral exſuctions, before the liquor could be brought to 


oil again: but, at other times, as often as the air was ſuffered to paſs 
om the receiver into the pump, the efferveſcence would begin afreſh tho? 
e pump were ply'd for a pretty while together: which ſeem'd to argue, 
at the boiling of the water proceeded from hence, that, upon with- 
awing the preſſure of the incumbent air, either the fiery corpuſcles, or 
orkuß ther the Vapours agitated by the heat in the water, were permitted 

Vo I. II. Ppp | greatly 


Þ r three or four times ſucceſſively, when the air was let out of the re- 


ent was again made in a ſmall receiver, upon coral groſly powdered, ' 
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W had Agaln drawn OU the alr, firſt the whiteneſs re- appear d, and 


43. We cauſed water to be long boil'd, that it might be freed from its The ebullition 


ir; then, almoſt filling a four-ounce glaſs-vial with it, we convey'd that _ of ligaors 
acuo. 
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PxEUMATICS greatly to expand themſelves in the evacuated receiver; and, in their tx 


multuous dilatation, lifting up the higher part of the water, and turning 
into bubbles, made it appear to boil, for the efferveſcence was confined k 
the upper part of the water; the lower remaining quiet, unleſs the liquor 
were but ſhallow. And tho', ſometimes, as we ſaid, the ebullition be. 
gan again, after it had ceaſed a pretty while; whence it ſeem'd that ſos 
concurrent cauſe did a little modify the operation of heat; yet, when the 
water, in the vial, could, by pumping, be brought to boil no more, the 
ſame water being, in the very ſame vial, convey*d back to the u. 
ceiver, was quickly brought to boil afreſh, with vehemence, and for 
conſiderable time; whilſt a new parcel, taken out of the ſame boil'd wg 
ter with the former, and put in cold, could not, by pumping, be brought 
to ſhew the leaſt efferveſcence. And hot ſallet- oil ſnew'd no efferveſceng 
in our receiver ; butthe chymical oil of turpentine was preſently madey 
boil up, till it reached four or five times its former height in the vial; ar 
continued boiling, till it was almoſt but luke-warm. Wine, alſo, be 

convey'd in hot, did, at the very firſt exſuction, begin to boil ſo vc 
mently, that, in a ſhort time, while the pump was kept moving, four park 
of five boiled over the vial, tho? it had a long neck. And even of them 
ter itſelf, near one half would, ſometimes, boil over into the receive 
before it became luke-warm. It was alſo, remarkable, that once, why 
the air had been drawn out, the liquor did, upon a ſingle exſuction, bal 
ſo long, with prodigiouſly vaſt bubbles, that the efferveſcence laſted i 
moſt a quarter of a minute. Hence it appears, that the air by its ſtrong, 
or weaker preſſure, may very much modify ſeveral operations of that 
hement and tumultuous agitation of the ſmall parts of bodies, wherein 
nature of heat ſeems to conſiſt: ſo that if a heated body were convey 


above the atmoſphere, it is probable, that the heat would have a diff 


The air-pump 


farther in- 


proved. 


Fig. 42 & 43. 


caus'd to be overlaid with very good cement, on which was appli 


ſor a valve, is to be ſtopp'd at the bottom of the cylinder, as at N O, wit 


operation, as tothe power of diſſipating the parts of it, from what it la 


here below. 


SET $- uh 


Aving now preſented my great engine to the royal ſociety, I * 
obliged to procure another; wherein, tho? the conſtruction, ing: 
neral, be the ſame in both, there were ſome alterations, and inyiwe 
ments made. | 

The figures repreſent this engine, as ready for work; and, becauſe i 
ſucker is to be always under water, and the perforation P Q, that icht 
tinu'd perpendicular quite thro? it, and ſerves together with the ſtick RS 


*ris full of water; *twas requiſite to make the ſtick RP, two or three 9 
long. But the chief thing is, that, in the ſecond figure, the pipe AB, whol 
end B, bends upwards, lies in a groove, purpoſely made, in the flat W 

board C D E F, on which the receivers are to reſt. This ſquare board, 


firong plate of iron, of the bigneſs and ſhape of the board, leaving on' 
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11 hole, for the erect part of the pipe to come out at; which I added, **zvmarrce. 
| 5 ape keep the board from warping, bur becauſe the preſſure of the 9 
tmoſphere on the ſide of it, when there is none, or very little, on the 
er, will enable many aerial particles to ſtrain thro* the wood, though 
Lick, and moiſten'd with oil. To this iron- plate, we can fit a lip, turn- 
gup about it, to prevent the water, that on ſome occaſions, comes from 
ke receiver, from falling on the floor. And, by the way, tho? the ſtop- 
ock G HI K, that belongs to the pipe, may be inſerted at I, into the 
linder LM N O, by the help of folder ; yet we choſe to have the branch 
of the ſtop-cock, made like a ſcrew, which, being once firmly fitted to 
be barrel, is not apt to be broken off, and may be more eaſily mended, 
any thing happen to be out of order; which the engine is molt liable to, 
or about the pipe. 
The ſquare, and hollow wooden part of this engine diſcernible in the 
| figure, is ſo made, not only to contain the cylinder, but as much 
ater as will always keep it quite cover'd, by which means, the ſucker 
ing and playing always under water, is continually kept plump, and 
reid ; and the water being ready to fill up any little interval, that ma 
appen, between the ſucker, and the inſide of the barrel, farther conduces 
keep out the air. But, if great care be not taken in turning the ſtop- 
xk, the water will be impell'd into the receiver, and prejudice ſeveral 
periments, when the included bodies may be ſpoiled, or impaired by 
at liquor. | | 
The flat plate, lately mention'd, has this greatconveniency in many ex- 
iments, that the receiver needs no ſtop-cock of its own; for ſuch a veſ- 
being made of an entire piece of glaſs, and laid upon the plate, well 
yer'd with cement, can better keep out the air, than if there were a ſtop- 
ck, at which the air too frequently gets in. 
A good cement, wherewith to faſten the receivers to the iron plate, is a 
Ingof great moment in making the following experiments, and we employ 
perent compoſitions for different purpoſes ; but, in general, only a mix- 
e of bees-wax and turpentine, made with equal parts for the winter, and 
e parts of the former to two of the latter, for the ſummer. | 
+ We tooka vial with a ſmall neck, and having fill'd abouta fourth part of "HM 
th quick-filver, we ſo erected and faſten'da long and ſlender pipeof glaſs, ey] 7 the 
at both ends, in theneck thereof, with hard ſealing wax, that the lower /pring of a lit- 
| reach'd almoſt to the bottom of the quick-filver, and the upper more V incladed 
d yard above thevial; then, having blownin a little air, we convey'd the 27% 44. 
dle intoa long ſlender receiver: upon evacuating whereof, we found that K. 1 
ſpring of the air included in the vial, impell'd the quick-filver into the 
ed pipe, to the height of 27 inches; and ſuffering the external air to 
rn into. the receiver, the quick · ſilver ſubſided in the tube, ſometimes al- 
and ſometimes quite as low as the ſtagnant mercury in the vial. 
s experiment we made ſeveral times; and having once blown in ſo much 
that what was in the cavity of the vial raig'd and kept the quick- ſilver 
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pxevaatic three inches high in the pipe, found, by emptying the receiver, that g 
| quick- ſilver roſe 30 inches, or more, above that in the vial. : 

Sometimes it may happen, that the mercury, when taken very ſoon ou 
of the receiver, will not appear to have ſubſided to its firſt ſtation; whicy 
js not to be wonder'd at; ſince, in a receiver, containing but little Air 
the heat of the cement, and of the iron employed to melt it quite round 
the glaſs, may impart a little warmth to the air in the vial, which will af 
terwards return to its former temper. 

Tis very remarkable, if the receiver be properly ſtopp'd and fende W 
enough, that upon the turning of the ſtop-cock to let out the air at the 0 
firſt exſuction, the mercury will be impel ld up by the ſpring of that in the auß 
vial, ſo as to riſe ſeveral inches above the height it will afterwards «| a 3 
and make ſeveral vibrations up and down before it comes to ſettle; juſt x 
the mercury does in the Torrice/lian experiment: and ſuch motions of th 
mercury will be made for four or five ſubſequent ex ſuctions; but they orgy 
gradually leſs, as the ſpring of the included air is weaken'd. 

At the firſt exſuction, when the ſpring of the included air was yet ſtrong, 
we found the mercury would be rais'd above half, if not 2 of the whit 
height, whereto *twill, at length, aſcend: but the ſubſequent ſtrokes 
a leſs proportion of height to the mercurial cylinder, ſucceſſively ; becauſ 
the more mercury is impell'd into the tube, the greater weight preſs 
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upon the included air; and becauſe the air hereby gains the more room i higher t 
in the vial, to expand itſelf: whence the ſpring mult be, proportionably, pring 0 
weakned. 1 ide, as 


Laſtly, in making of theſe trials, I obſerved the mercury in a good | was dou! 


rometer, and found its greateſt height twenty-nine inches, and 4; e ſupp 
ſoon after we had finiſhed, but twenty nine. WW nice beit 

To eſtimate the quantity of air, that had raiſed the quick-filvero Nad been 
twenty-ſeven inches; we counterpoiſed the vial, employ'd about thia- Wibaſes; t. 


periment, whilſt it was empty; afterwards filPd it with water, and font 
the liquor to weigh five ounces, twodrams, and twenty grains; then having 
pour'd out the water, till it was ſunk to a mark, we made on the outlide 
of the glaſs, we weigh'd the remaining water, equal in bulk to the quick- 
nllver, and found it one ounce, two drams, fourteen grains: ſo that tte 
air, which had rais'd up the mercury, poſſeſs'd, before its expanſion, the 
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' ſpace but of four ounces, and a few odd grains in the vial. The bore Hefore; a 
the pipe uſed in this experiment, was about 4 inch in diameter. ſpeed | 
nuch included 2+ Into a ſtrong glaſs bottle, capable of holding a quart, we put acl inch, b 


the hea 
4. Wet 


air raiſes mer- venient quantity of quick-ſilver, and erected in it a very long ſlender pipe 
eur, but tothe of £1ajs, open at both ends, and reaching with the lower beneath the ſur- 


| 2 eee face of the ſtagnant mercury; and having well cemented this pipe in deer, and fit 
8 neck of the bottle, we convey'd the whole into a receiver, much hg eth ends; 


ath the ſi 
pwards, t 
mly cloſe 
nal air 8 


T | than the former; and then the engine being work'd, the quick. ſilver wal 
preſently rais'd to a greater height than before; and when it ſtood ſtu 


we, by the help of ſome marks made before-hand on the pipe, and 
very long and well-divided ruler, carefully meaſured the height of theme 
2 
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ing half an inch, which was rais'd, before we employ'd the pump, by 
| ſome air that had been blown into the bottle, to try whether it were ſtanch, 
there remain'd 29 inches and near for the height of the mercury rais'd 
by the ſpring of the air ſhut up in the bottle; and then conſulting the baro- 
meter, which ſtood in another part of the houſe, I found the weight of 
the atmoſphere ſuſtain'd a mercurial cylinder, of about twenty-nine inches, 
and a halt. 

We cauſed the pump to be well ply*d, to try whether the quick-ſilver 
would not riſe higher; but were confirm'd, that the ſpring of the air was 
inſufficient for that purpoſe. 


the ſame time; a difference no greater than I expected; conſidering the 
weight of the atmoſphere, remains the ſame, when the mercury is at its 
full height, in a ſeaPd tube, whether great or ſmall ; whilſt the ſpring of 
Four included air muſt needs be weaken'd, the larger the tube, and the 
higher the mercury is impell'd in it. Whence, tis conſiderable, that the 
Wing of ſo little air ſhould raiſe the mercury within an inch as high in a 
wide, as in a ſlender tube; for the diameter of the bore of the former, 
. double to that of the latter: and the greater mercurial cylinder ma 
Wc ſuppoſed to have weigh'd near four times as much as the leſs; allow- 
Wnce being made for an inch difference in their heights. But in caſe theſe 
pad been equal, then the ſolidity of the cylinders would have been as their 
Paſes; that is, as the ſquares of their diameters, or as 1 to 4. 

We thought it worth trying, whether, when the included air had raiſed 
is great cylinder of mercury to the utmoſt height it could, by the ſpring 
then had, heat would not force it ſtill higher. And, having cauſed a 
got iron, and a ſhovel of kindled coals, to be held near the oppoſite parts 
the receiver; we perceived, after a while, that the mercury aſcended 
ne eighth of an inch, or more, above the greateſt height it had reached 
fore; and, cauſing the pump to be ply*d again, to withdraw the air I 
{pected to have ſtole in; the mercury was quickly raiſed five eighths of 
ans by virtue of the additional force which the included air acquired 
y the heat, | 


4. We took a glaſs. bottle, furniſhed with a convenient quantity of wa- 7 


pwards, thro? the neck; which, by the pipe, and hard cement, was ſo 
my cloſed, that no water, or air, could ger out of the bottle, or ex- 
mal air get into it, but by paſſing thro* the pipe. This inſtrument 
We 


arial cylinder, which we found to be 29 inches and about ; but deduf-Prxzomarice 


3. Taking the glaſs-bottle, uſed in the former experiment, and erecting The ſpring of 
in it, after the manner above-deſcribed, a cylindrical pipe of glaſs, much ed air 
larger than the other; we projecuted the experiment, as with the ſlender wy pee 
tube before - mention'd, and found, that by the ſpring of the air in the onal deight, 5 
bottle, the quick- ſilver was rais'd twenty-eight inches, and one eighth; in anequal 


that is, above an inch ſhort of the mercurial cylinder in the barometer, at =. 


7, and fitted it with a ſlender glaſs-pipe, about three feet long, open at 2447 I vb 
oth ends; which was ſo placed, that the lower orifice reached far be-/pring of un- 


ath the ſurface of the water, and the pipe itſelf paſſed, perpendicularly, D "op _—_ 
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Pune we convey'd into a large receiver, ſhaped like a pear; of which a ve weigh 
part of the obtuſe end, and a ſmall portion of the ſharp one, were ch the ve 
by ſections parallel to the horizon. And, becauſe this receiver vas yy Voined 
long enough to receive the whole pipe, there was cemented on, to they vable, 
per part of it, a ſmaller, of ſuch a length and bigneſs, that the higher in ſud 
end of the pipe might reach to the middle of its cavity; and that the ny, Ito tin 
tions of the ſpringing water might have a convenient ſcope, and be thehe, Pipe in 
ter obſerved. Wucceec 


This double receiver, being cemented on to the engine, a little of the paving 
was, by one ſtroke of the pump, drawn from it; by which, the preſſure 9 could 
the remaining air being weaken'd, that included in the bottle, having ny Pyhich 
its ſpring, likewiſe, weaken'd, expanded itſelf ; and, conſequently, in, ed, an 


pelPd up the water, in the ſame bottle, thro' the pipe, ſo as to make i MP" © | 
{trike briſkly, at firſt, againſt that part of the top of the ſmall receiver, Weprels 
which was juſt over the orifice of the tube. But, after the water yy pan © 
for a while, thus forced up, in a perpendicular line, it would be impel!{ But 0 
up leſs ſtrongly, and leſs directly, till the air, in the bottle, being as mug © line: 
expanded, as that in the receiver, it quite ceaſed to aſcend, unle6 by iP" 


pumping a little more air out of the receiver, we renew'd it again. Th ES 
Tig. 46. other figure is deſign'd to repreſent the difference that would happe, 
| -; inſtead of making this experiment with water, it were made with quick 
ſilver. | 
In making this experiment, *tis convenient that the upper part of th | 
pipe be very ſlender; whence the water, having but a very ſmall ori: could 
to iſſue out at, may be ſpent but lowly, and thereby make the experinen MF" cof g 
laſt ſo much the longer: or, inſtead of making the upper part of the pix 
ſlender; a top, conſiſting of three, or more, very ſlender pipes, witha 
ſmall hole at the end of each, may be cemented on to it; that one of thel, 
pointing directly upwards, and the others to the right hand and to theſe; 
the water may ſpin out ſeveral ways at once; by which kind of branche 
pipes, we have ſometimes imitated a Jet dear, and the artificial fountans 
of gardens and grotto's. 
Hence we inter, that had we not wanted convenient veſſels, we might, 
by the preſſure of the air included in the bottle, have raiſed water four- 
teen times as high as we did quick-filver in the former experiment; lint, = 
upon weakening the preſſure of the air, but a little, in the double receiver, 0 5 n 
that within the bottle was able to impel the water, forcibly, and tor 4 - te | 
conſiderable time, to the top of a pipe a yard long, and higher. _ " i 
Hence too, it appears, that in thoſe hydraulo-pneumatical engines » lik 
where water is placed between two parcels of air, the water may "Wi the] i 
put in motion, as well by the mere dilatation of one of the parcels, 33 y than uh 
giving a new force by heat or compreſſion, to the other. And whet. in "5 
this mechanical principle of motion may not prove uſeful in engines, M mente 7 
leave to be conſider'd. rd, th 5 
But if, when ſome of the air had been pumped out of the receiver, N wh ah 


removed that double veſſel from the bottle, the external air would, by" 
weig 
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W:!: very bottom, it aſcended in numerous bubbles thro* the water, and 
Joined itſelf with the air incumbent on that liquor. *T was here obſer- 
vable, that all the external air which got into the bottle, did not come 
in ſuddenly 3 but, after the firſt irruption, we could perceive, from time 
ro time, new portions of air, leiſurely inſinuate themſelves thro? the 
Pipe into the bottle, and emerge thro? the ſtagnant water in bubbles, that 
Wicceeded one another very ſlowly; as if the ſpring of the included air, 
having been once depriv'd of its natural conſtitution, by its late expanſion, 
could be but gradually reduced to it, by the weight of the atmoſphere, 
Which was {till the ſame ; or rather, as if between the ſpring of the inclu- 
Wed, and the preſſure of the external air, balancing each other, there hap- 
pen'd ſome ſuch thing as is obſervable in ſcales, of which one is too much 
Pepreſo'd; whilſt the motion becomes flower, as the weights are nearer 
50 an equilibrium. 

But our principal deſign in this experiment, was to obſerve, whether 
e lines made by the water, in its eflux, would retain the ſume figure, 
jotwithſtanding the rarifaction of the air in the upper part of the recei- 
er; and for this purpoſe it is beſt to make the obſervation towards the 
nter end of the experiment; becauſe, then, the receiver being moſt ex- 
aulted, the difference made by the change of the denſity of the me- 
ium in which the ſtreams of water move, is likely to be beſt difcern'd. 
And this convenience we had by our way of making thę experiment, that 
e could obſerve the lines, deſcribed by the flowing water, as the projection 
ereof grew fainter. But, for want of a large upper receiver, we could 
ot be ſatisfied in the nature of the curve; tho? both Dr. Wallis, and my 
If, found it to be, ſometimes, part of a parabola. 


| 


ely faſten'd with cement, ſeveral round pieces of window-glaſs, and 
ereby made the ring a kind of receiver, whoſe open orifice we carefully 
mented on to the engine; and found, that uſually, at the firſt exſuction, 
e glaſs plate would be broken inwards, with ſuch violence, as to be 
atter'd into a great multitude of ſmall fragments; and the irruption of 


e external air, driving in the glaſs conſtantly, made a loud report, like 
at of a piſtol, 
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— bs aped like a truncate cone; and the two orifices be made very unequal ; 
m | the larger be as wide as that of our braſs ring, and the ſtraiter were 

bete dan an inch in diameter; and this piece of metal be made uſe of, as 


it in the preceding experiment, the flat glaſs will be eaſily broken when 
mented to the wider orifice: but if the narrower orifice be turned up- 
= rd, the glaſs thereon, if it be of a due ſtrength, tho* no thicker than 

0 pit former, notwithſtanding the air is withdrawn from beneath it, will 
2 remain 


les, N 


7 . 
weigh 


| 5. We provided a braſs ring of a conſiderable thickneſs, in height three x14; glg. 
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weight, ſuddenly depreſs the water in the pipe, till having driven it to P*=vmarres 


ches; and the diameter of its cavity, as well at the upper as the lower brote by the 


ifice, was ſomething more than three inches. To this ring we ſucceſ- 2% Y the 
atmoſphere. 


6. If, inſtead of the braſs ring, above-mention'd, both orifices whereof hut the 
eequal in breadth, you employ a taller hollow piece of braſs, or latton, —_ of a 


uga vacui. 
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PxevwATICS remain entire: which ſufficiently argues, that nature's abhorrence 
y of | 


that when the wider orifice lies uppermoſt, the glaſs that covers it |; 


weight may eaſily force thro? the glaſs ; whereas, when the ſmaller orig 
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vacuum, is not the cauſe why glaſſes are uſually broken in ſuch ey erl. 
ments, ſince, whether the wider or narrower orifice be uppermoſt, and q 
ver'd, the capacity of the exhauſted veſſel, will be equal; and there 
nature ought to break the glaſs in one caſe as well as the other, 

This phenomenon, therefore, 1s more properly explain'd, by ſaying 
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f ut 
ſerve for the baſis of a large column of the atmoſphere, which by its on 


R ES , 
is uppermoſt, there reſts upon its cover ſo ſlender a pillar of air, as, daſh'c 
not, by its weight, ſurmount the natural coheſion of the parts of the yl;j 0 


Blownbladders 7. We ſeldom fail'd of burſting blown bladders in our exhauſted . | ſome | 
burſt by the ceiver, by tying their necks very cloſely, and keeping them for a Pretty whil one 1 
Joring f, in the glaſs, whilſt the air was exhauſting, and then taking them out ag h . 
8 that the fibres being ſtretch'd and relax'd, and the capacity diminiſpuh 15 80 
| a new ligature, tho? the air were the ſame, and the membrane being noi w_— 
abletoyield as before; upon the ſecond exhauſtion of the receiver, they waul as th 
break far more eaſily than otherwiſe; and ſometimes be oddly lace GE ** 
A conſiderable 8. We took a middle: ſized bladder, and having preſs'd out the aj j * 3 
weight liſted till there remain'd but about a fourth or fifth part, we caus'd the ne made 
&y the bare to be very ſtrongly ty'd again; and, about the oppoſite part of the ha 


erg Afr der, within an inch of the bottom, we ſo ſtrongly tied another ſtr, 
e 5 ws, 


ded in a Bad. that it would not be ſlip'd off, by a conſiderable weight hung at it. Tha 
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faſtening the neck to the turn-key, we convey'd the bladder, and tt 
weight hanging at it, into a large receiver; when, by plying the puny 
the air within the bladder being freed from the preſſure of the air vi. 
out it, manifeſtly ſwell'd by its own ſpring, and thereby greatly ſhore 
the bladder that contain'd it, and lifted up the weight, which exceeded i; 
ounds. | 

n After this, we took a large bladder, and having let out ſo muc it, 
that it was left lank, we faſten'd the two ends of it to the upper pim d 
the receiver, and hung a weight from the middle of the bladder; then 
exhauſting the receiver, as before, tho? the bladder, and this new weight, 
which ſtretch'd it, reach'd ſo low, that, for a while, we could ſcarce ſee 
whether it hung in the air or no; yet, at length, we perceiv'd thebladder 
to ſwell, and concluded it had lifted up its clog about an inch; a5 Wi 
confirm*d by the return of the air into the receiver; upon which, the bude o. 
der became more wrinkled than before; and the weight amounting i0i And 
bout 28 pounds, deſcended. be but that 
Perhaps this experiment may conduce to explain muſcular motion re * 
ſtrong. 
pplied 
ented t 
o empty 
f he al 
er of pi 
Vo l 
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* Something has, from this hint, been | learned Dr. Pemberton, after ſhewing 1 
offer'd, with a very ſpecious and plauſible inſufficiency of all other methods, _—_ 
ſhew of reaſon, to account for muſcular for it, from that ſubtile medium wherl 

motion; but when thoroughly conſider'd, the great Sir I/. Newton ſolves various6 
it fails in ſolving the phenomenon. And phenomena of nature, 
the laſt beſt writer on this ſubject, the 
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A large glaſs bubble, hermetically ſeal'd, being put into the recei- FN rie- 
ver, and the air drawn out ſomewhat more than uſual ; tho? I had, ſeveral % 2 
nmes, obſerv'd, that ſuch bubbles would not break immediately, upon 5roke by the 
eracuating the receiver; yet this continu'd ſo long entire, aſter we had ſpring of their 
left off pumping, that preſuming it had been blown too ſtrong, I began!“ / 
to deſpair of ſucceſs in the experiment; when, about four minutes after 
the pump had been let alone, the bubble ſurpriz'd. us with breaking ſo 
Vviolently, by the ſpring of the included air, that the fragments of it were 

daſh'd every way againſt the ſides of the receiver, and broke to powder. 

10. We took the braſs-ring, lately mention'd, whereto were fitted The eternal 
ſome plates of window-glaſs, as covers; and having carefully faſten? de e the 
one of them, with cement, to the upper orifice of the ring; and cement- — 4 age 
ing the lower orifice to the engine, ſo that the veſſel, compoſed of metal 2 jz/id be- 
and glaſs, ſerv'd for a ſmall receiver, we whelm'd another over it that was 4. 
large and ſtrong ; which was alſo faſten'd to the engine with cement, af- 
ter the uſual manner. By this contrivance, when the pump was ſet on 
work, the ſmall included receiver mult have its air withdrawn, while that 
in the larger could not get out, but by breaking thro? the glaſs; ſo that 
W the internal air of the ſmall receiver being evacuated, the glaſs plate, that 
made part of it, muſt lie expoſed to the preſſure of the ambient air, ſhut 
up in the other receiver, without having the former aſſiſtance of the air, 
now withdrawn, to reſiſt the preſſure ; wherefore, at the firſt or ſecond 
exſuction of the air, included in the ſmall receiver, the glaſs plate was, 
by the preſſure of the incumbent air, contain'd in the larger one, broken 
into a hundred pieces, which were beaten inwards into the cavity of the 

ring. 
. But to ſhew that there needed not the ſpring of ſo great a quantity of 
included air to break ſuch glaſſes, we took another roundiſh one, which, 
cho wide enough at the orifice, to cover the braſs ring, and the new glaſs 
plate, that we had cemented on it, was yet ſo low, that it held but a ſixth 
part of what the large receiver, formerly employ'd, would contain; and 
aving whelm'd this veſſel, which was ſhaped like a tumbler, over the 
Wittle receiver, and well faſten'd it to the engine with cement, we found, 
hat tho? the external receiver had a great part of its cavity fill'd by that 
neluded; yet when this internal one was evacuated, by an exſuction or 
wo, the ſpring of the little air that remain'd, broke the plate into a mul- 
tude of fragments. 

And becauſe the glaſs plates, hitherto mention'd, ſeem'd not fo thick, 
but that the preſſure of the included air might give greater inſtances of its 
orce; inſtead of the ſmall metalline receivers, before employ*d, we took 
ſtrong, ſquare bottle of glaſs; able to contain a pint, inverted it, and 
Ipplied it to the engine, as a receiver; over which we whelm'd, and ce- 
ented the large one, formerly mention'd ; and ſetting the pump on work, 
o empty the ſquare bottle, the figure of the veſſel allow'd the preſſure 
f the air, included in the external receiver, to cruſh it into a great num- 
er of pieces. 6 


Vo. II. Qqq We 


— ts RED 


ewing l 
, accoll 
1 where 
rious 08 


482 


Purunaries We alſo took another glaſs, of the ſhape, and about the bignek of the 


Phyfico-mechanical Experiments. 


war 
former; and having applied it to the engine, as before, and cover d i be | 
with a receiver, that was a little higher than itſelf; upon exhauſting the 11 
air, this was likewiſe broken into many fragments, ſome of them ver | ger e 
thick; thoꝰ probably the cracks that reach'd thereto, were begun in mug en'd 
weaker parts of the glaſs. | inche 
The bottoms, and the necks of both theſe ſquare bottles, were entire; veſſel 
by which it ſeem'd probable, that the veſſels had been broken, hy th F rably 
preſſure of the air againſt the ſides, which were not only thinner than th the p 
other parts, but expos'd a larger ſuperficies to the lateral preſſure of th g phon, 
air, than to the perpendicular. We obſerv'd, in one of theſe experiment, | itagna 
that the veſſel did not break preſently, upon the laſt exſuction of the jp 1 1 
cluded air, but a conſiderable time after. | 4 hg 
To confirm that it is the ſpring of the air, in the external receiver 1 q 
that breaks the glaſſes, and to prevent ſome ſcruples, we apply'd a plu: . He 
of glaſs, like thoſe formerly mention'd, to the braſs ring; but, in tte. 1 
menting of it on, we placed, in the thickneſs of the cement, a ſmall pie $ 3 
of glaſs, about an inch long, whoſe cavity was not ſo big as that of a ſtr, E C . 
and which, being left open at both ends, might ſerve for a little channe, # Ki 9 
for the air to paſs thro', from the external receiver to the internal; . * | 
this we whelm'd a ſmall receiver, and then, tho? we work'd the puny Cc a 
much longer than would have been neceſſary, if the little pipe had ro WR 4 : 
been made uſe of, we found the internal receiver continue entire; becauk 3 
the air, whoſe ſpring ſhould have broken it, having liberty to pals tin . 
the pipe, and conſequently to expand itſelf, into the place deſerted * ch 
air pump'd out, thereby weaken' d its ſpring too much for that purpo . = 
But, either the pipe muſt be made bigger, than that lately * ary 
or the exſuction of the air muſt not be ſudden, by the pump; othery 7 ce 
the plate of glaſs may be broken, notwithſtanding the pipe; ry ch 
air contain'd in the external receiver, having a force much greater tuns Wt Sup 
neceflary to break ſuch a plate, it may well happen, as I have 3 4 
found it, that if the air be haſtily drawn out of the internal receiver, the Fn 
which ſhould ſucceed in its room, cannot get faſt enough out of ” i = 
ternal receiver, thro” ſo ſmall a pipe; whilſt the air remaining in the _ ge 
will yet retain a ſpring ſtrong enough to break the glaſs. Thus, es 


times, when at the flame of a lamp, glaſs bubbles are blown with ay 3 
ſtems; if they be ſuddenly remov*d out of the flame, they either ** Tho' tl 
cooP'd too faſt; or are compreſs'd inwards, if they long retain the . 15 

given them by fuſion. For the air in the bubble, being exceeding 5 f 
fied and expanded, whilſt the glaſs is kept in the flame, and com * 
cool haſtily, when remov'd from thence, loſes, upon dafigen e 
ſpring which the heat had given it; and ſo, if the external mY 7 
Preſs in faſt enough thro? the too lender pipe, a ſufficient * 1 
air will not get in to reſiſt the preſſure of the atmoſphere; and te 


fore, if this preſſure find the bubble yet ſoft, it will preſs it a lite? 
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wards, and either flatten it, or make a dent, tho” the orifice of the pipe Fuat 
be left open. ; "160 7" 

11. We took a braſs pipe, bent like a ſiphon, and fitted at the big- Mercury riſes 
Er end with a ſtop-cock, c. and to the ſlender end of this we faſt- 5 os ages 

ed with cement, the upper end of a cylindrical glaſs pipe, about 50%, eig 9 

ches long, open at both ends, and having the lower plung'd into a 2% armyþhere 

Jveſſel of ſtagnant quick-ſilver, whoſe upper ſuperficies reach'd confide- pelt it. 

nbly higher than the immers'd orifice of the glaſs tube; then cauſing 1 

E the pump to be work'd, the air was, by degrees, drawn out of the ſi- 8.47. 

phon, and conſequently out of the glaſs tube that open'd into it; and the 

© itagnant mercury proportionably impelPd up into the glaſs tube, till it 

had attain'd to its due height, which exceeded not 30 inches. And then, 


3 


q tho? there remain'd in the upper part of the pipe, above 20 inches unfilPd 


K 


with quick-ſilver, we could not, by further pumping, raiſe it higher. 
UNence it appears, that the fancied power of nature, to prevent a va- 
cuum, has its bounds ; and thoſe depending upon the ſpecific gravity of 
the liquor, to be rais'd by ſuction. For ſubſtituting, inſtead of the ſtag- 
ö nant mercury, a baſon of water; and inſtead of the many ſtrokes, in vain 
mploy'd, to raiſe the quick. ſilver above the height juſt mention'd, ma- 
Ning ſcarce one exſuction, which only, in part, emptied the ſiphon; yet 
the water, upon opening the ſtop-cock, was not only impell'd to the very 
Wop of the glaſs tube, but continu'd running, for a conſiderable time, 
Whro' che ſiphon, and thence fell upon the plate of the engine; ſo that it 
Wppear'd ſtrange to thoſe, who knew not the reaſon of it, that the water 
Whould run very briſkly, of its own accord, out of the leg of a ſiphon; 
Which, perhaps, was not above a quarter ſo long as the other. 1 muſt 


ot here omit, that tho? ſometimes, in the Torricellian experiment, I have 
ie bſerv'd the mercury to ſtand at 30 inches, and now and then above it; 
e Net the height of the mercury in our glaſs tube, appear*d not to reach full 
50 inches and a quarter. But, conſulting the barometer, I found the 


ick- ſilver at 29 inches, and one eighth; which, probably, would have 
en the very height of that rais'd by the engine, had it been freed 
om bubbles. 

Hence we may conclude, that ſuction will elevate liquors in pumps, no 
gher than the weight of the atmoſphere is able to raiſe them; ſince the 
dende Noſeneſs requiſite in the pump of our engine, makes it very unlikely, that 
enk, H nore accurate ſuction can be effected by an ordinary pump. 


eee. Tho the exhauſting ſiphon, uſed in this experiment, may be eaſily con- 
u d by an attentive inſpection of the figure; yet, becauſe I frequently 
ning ploy it in pneumatical experiments, it is proper to intimate, once for 


|, that tho? the bended pipe itſelf, may be, on ſome occaſions, more 
nveniently made of glaſs, for the ſake of tranſparency ; yet, for the moſt 
rity d rt, we choſe to employ pipes of braſs, becauſe the others are ſo very 
1 the dect to break; that it is convenient to make the longer leg of the ſi- 
it): en a little larger at the bottom, than the reſt of the pipe uſually needs 

be, that it may the more commodiouſly admit the ſhank of a ſtop- cock, 
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portion between the ſpecific gravities of mercury and water; yet the fat 
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and returning whereof, the paſſage between the engine and the veſſel to * 
exhauſted, is to be open'd and ſhut; and laſtly, that tho* we ſome, 
immediately apply the braſs ſiphon to the engine, by cementing the exter. 
nal ſhank of the ſtop-cock to the orifice of the little pipe, thro? which f. 
exſuction of the air is made; yet the bended pipe alone, is { apt to h. 


looſen'd by the motion of the engine, and the turning of the ſtop. cock. Bt 
that, for the moſt part, we uſe a ſiphon conliſting of a braſs pipe, a ſtop by {1 
cock, and a glaſs 8 or 10 inches high, and of ſome ſuch ſhape as i; g. liquo 

manr 


preſs'd in the figure; for by this means, tho' the exhauſtion is longer iz MA man 
making, yet it is more ſecurely and uninterruptedly carried on; b:cauſ WAS e. 
of the ſtability which the breadth of the lower orifice of the glaſs giv 
to the whole inſtrument. Beſides, not only the ſiphon is thus much length. 
en'd, but we may commodiouſly place a gage in the glaſs part of thi 
compounded ſiphon, to ſhew, from time to time, how far the air is dra 
out of the veſſel to be exhauſted. 

12. I caus'd to be made, and inſerted to the ſhorter leg of the aboye. 
mention'd ſiphon, a ſhort pipe, which branch'd itſelf equally to the righ 
hand and to the left ; fo that I might exhauſt two glaſs tubes at the ſame 
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time, and prevent any ſuſpicion, that the engine was not equally appiet WI þ 135 
to both. This additional braſs pipe, being carefully cemented into ti: ins 
ſiphon, to each of its two branches were well faſten'd, with the ſame « WE 7 was d 
ment, a cylindrical glaſs of about 42 inches in length; the lower orifc * 4 
of one of theſe glaſſes being immers'd in a veſſel of ſtagnant mercury, AE = 1 
and that of the other in a veſſel of water; when care was taken, thats ** . 
the tubes were choſen near of a ſize, ſo the ſurfaces of the two differnt WE c at 
liquors ſhould be near of a height. This being done, we began to puny e ay 
warily and ſlowly, till the water in one of the pipes was elevated abou WE Fors | 
42 inches; and then meaſuring the height of the quick-ſi]ver in the other hat 1 
pipe above the ſurface of the ſtagnant mercury, we found it to be at Mais d = 
three inches; ſo that the water was about 14 times as high as the quick Mich + 
filver. And, to. proſecute the experiment further, we very warily | WW Ve v 
in a little air to the exhauſting ſiphon, and ſaw the two fluids propor- Nual' in l 
tionably deſcend ; till turning the ſtop-cock, when the water was about Ilg * 
14 inches high, we thereby kept them from ſinking any lower, beote BW r 
we had meafur'd the height of the quick- ſilver, which we found to be 33 | 
about one inch. fit prop. 
But we obſerv'd, that the quick-ſilver, for the moſt part, ſeem'd obe "ap p 
a very little higher, than the proportion of 1 to 14 required; and at ercury b 
cordingly, I had long before, by particular trials, found, that, de re could 
14 and 1 be the neareſt of ſmall integer numbers, that expreſs the ver beg: 


ill retaini 
Veen three 
r alſo be 
$ it oug 


mer is not quite ſo heavy as this proportion ſuppoſes. 1 
This experiment evidently ſhews, that the fluids roſe by the weights 
the air, and leaves no pretence of a Fuga vacui. It may alſo be m 
uſeful to eſtimate the different gravities of liquors; for which yr 
1 | 
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bdoſe, I cauſed the afore-mention*d glaſs- pipes, to have their ends plung'd, Fur eric, 

me one in freſh water, and the other in fome impregnated with a large 

proportion of ſea ſalt; and found, that when the freſh water was rais'd 

do about forty-two inches, the ſaline ſolution had not fully reach'd 

3 forty. 

q ax make the diſparity more evident, I prepar'd an unuſual brine, 

by ſuffering ſea-ſalt ro diſſolve in the moiſt air: and, having apply d chis 

4 liquor, and freſh water to the two pipes, and proceeded after the former 

manner; we found, that when the pure water was elevated to near forty- 

two inches, the liquor of ſea- ſalt wanted about ſeven inches and one fourth 

4 of that heightz and when the water was made to ſubſide to the middle of 

its pipe, the ſaline liquor in the other pipe was between three and four in- 

E ches lower than that, Talſo took fair water, and a liquor made of the ſalt 

I of pot-aſhes ſuffer*d to run per deliquium, and proceeding as before, found, 

9 that when the common water was about forty-two inches high, the ſolu- 

tion wanted of thirty inches; and when the water was made to ſubſide to 

| g the middle of its tube, the other liquor was between ſix and ſeven inches 

lower. 

W 7 3. We took a ſtrong glaſs bottle, that would contain above a pint, and The heights 

having in the bottom of it lodg'd a convenient quantity of mercury, we ee water 
« : . | : =P ; and mercury 

pour'd on it a greater quantity of water; and providing two ſlender glaſs may be raid 

pipes, open at both ends, we ſo plac'd and faſten'd them cloſe by cement, 4y lh ſpring. 

that the ſhorter of the pipes had its lower orifice immers'd beneath the ſur- Abe air. 

face of the quick- ſilver, and the longer reach'd not quite ſo low as that 

ſurface, and ſo was immers'd but in the water. This done, we convey'd 

the bottle into a proper receiver, and having begun to pump out the air; 

e took notice to what heights the quick ſilver and water were impell'd up 

01: Wn their reſpective tubes, on which we had before made marks; and found, 

hat when the quick- ſilver was impell'd up to two inches, the water was 

ais d to about twenty-eight; and when the quick- ſilver ſtood at about one 

Inch, the water ſtood at about fourteen: 

14. We convey'd into a fitly ſhaped receiver two glaſs pipes very une- 4 7b. 

Wual in length; but each of them ſealed at one end: the ſhorter tube was #-ights where- 

I'd with mercury, and inverted into a ſmall glaſs jar, wherein a ſufficient * - wes 

uantity of that fluid had been before lodg'd, the longer pipe was fill'd with rf , 001. 

ommon water; and inverted into a larger glaſs, which likewiſe contain'd iz. 

fit proportion of the ſame liquor. Then the receiver being cloſely ce- 

ented to the engine, the air was pump'd out for a pretty while before the 

ercury began to ſubſide ; but when it was ſo far withdrawn, that its preſ- 

Ire could no longer keep up a mercurial cylinder of that height, the quick- 

er began to ſink; the water in the other tube, tho? three times as long, 

ill retaining its full height. But when the quick. ſilver was fallen to be- 

keen three and four inches above the ſurface of that in the veſſel, the wa- 

r alſo began to ſubſide; but ſooner than according to the laws of ſta- 

on ought to have done: becauſe many aerial particles emerging from 


the 
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aer tes the body of the water to the upper part of the glaſs, by their ſpring co 


we let in the external air; and having thereby impell'd both the fluids u 
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curr'd with the gravity of the water to depreſs this liquor. And ſo whe 
the quick-{ilver was three inches above the ſtagnant mercury, the water 1 
the pipe was fallen ſeveral inches beneath forty-two; and ſevera] benen 
twenty-eight, when the mercury had ſubſided an inch lower. But * 


the pump had been ply*d, to free the water from the latent aerial bubble 


again into their pipes, and remov'd the receiver; we took them both gy 
to free them from the air, and fill'd each of them with a little of their * 
ſpective ſtagnant liquors; then inverting them again into their proper ye; 
ſels, we repeated the experiment, and ſound it to require more pumping 
than before, to make the liquors begin to ſubſide : ſo that when the mer. 
cury was fallen to three inches, or two, or one, the water ſubſided ſo ne 
to the heights of forty-two, twenty-eight, or fourteen inches, that we, 
pos'd the little differences which appear*d between the ſeveral heights of 
the quick- ſilver, and fourteen times as great heights of the water, pr. 
ceeded from ſome aerial corpuſcles yet remaining in the water, andh 
their ſpring, when once they had emerg'd, promoting the depreſſion of i, 
15. Having procured ſeveral tin pipes above an inch in bore, very careful 
ſolder'd together, to make one whole tube, about thirty-two feet long; 
and cas'd it over firſt with cement, and then with plaiſter of Paris; we 
very carefully cemented a ſtrong pipe of glaſs, between two and three ſe 
in length to the upper part of it; and to the upper end of this pipe, by 
means of cement and a ſhort elbow of tin, we very cloſely faſten'd another 
pipe of the ſame metal, conſiſting of two pieces making a right angl:; 
whereof the upper part was parallel to the horizon, and the other, which 
lay parallel to the glaſs pipe, reach'd down to the engine that was plac 
on the flat roof of a houſe thirty feet high from the ground, and was to be 
cemented to the lower end of this deſcending part of the pipe, whoſe lo- 
rizontal leg reſted upon a piece of wood nail'd to the rails on the topol 
the building: the tube, alſo, was kept from ſhaking by a board faſter 
to the ſame rails, with a deep notch for it to be inſerted in. | 
This apparatus being made, and the whole tube, with a pole toſultain 
it, erected along the wall, faſten'd there, and the deſcending pipe carefully 
cemented on to the engine; there was placed under the bottom of the Jong 
tube a convenient veſſel, whereinto ſo much water was pour'd, as reach'd 
far above the orifice of the pipe; and providing, that the veſſel might 
ſtill be kept competently full, we, at length, rais'd the water to {lt 
middle of the glaſs pipe; but not without numerous bubbles, made by ti 
air conceal'd in the pores of the water, which, for a time, kept a kind 0l 
foam upon the ſurface of it. And finding the engine, and tube as {tau 
as could be expected; I thought fit to try what was the utmoſt height, {0 
which, water could be elevated by ſuction : and therefore, tho' the pu0} 
ſcen''d to have been ſufficiently ply*d already; yet, for further ſatistacti% 
when the water was within a few inches of the top of the glaſs, | caus! 


twenty exſuctions more to be ſuddenly made. And, having taken gr 
when 
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3 and found it thirty-three feet, and ahout ſix inches; the barometer then 
ſtanding at twenty-nine inches, and between two and three eighths of an 
inch. Now, ſuppoſing the ſpecific gravity of water, to that of quick ſilver, 
as 1 to 14 3 the height of the water ought to have been thirty-four feet, ahd 
9 about two inches; that is, about eight inches more than we found it. But 
tben, I formerly noted, that the proportion betwixt mercury and water, 
zs not altogether ſo great; and therefore, in ſo tall a cylinder as ours was, 
the difference muſt be conſiderable. If therefore, inſtead of making an 
| inch of quick ſilver equivalent to fourteen inches of water, we abate a 
quarter of an inch; which is but a fifty - ſixth part of the height of the wa- 
ter; this abatement being repeated twenty- nine times and one quarter, 
vill amount to ſeven inches, and above a quarter; which added to the 
former height of the water, thirty- three feet, ſix inches, will make thirty- 
four feet, and above an inch: ſo that the difference between the height of the 
mercury, ſuſtain'd by the weight of the atmoſphere in the barometer, and 
that of the water, rais'd, and ſuſtain'd, by the preſſure of the ſame. in the 
long tube, did not appear to differ more than an inch or two, from the 
roportion they ought to have, according to their ſpecific gravity: nor 
Could we, by obſtinately plying the pump, raiſe the water higher. 
This experiment, being ſoon repeated, in my abſence, by Dr. Wallis, 
r. Wren, and Dr. Millington ; they preſently after aſſured me, that the 
greateſt height, whereto they could raiſe the water, was thirty-three feet 
and a half; and, as it happen'd, within leſs than an hour before, I had ob- 

rved the barometer, to ſtand ſomewhat below twenty-nine inches, and 
three eighths; when, now, conſulting the ſame inſtrument again, the mer- 
ury appear*d to be riſen a little higher. Hence appears the impoſſibility 
bi making water paſs over the higheſt mountains by the help of inflected 
pipes, and ſuction. For, if the water be to riſe above thirty-five, or 
Pirty-ſix feet, a ſucking-pump will not, ordinarily, here in England, ſuf- 
ce for that purpoſe. 


ain ok a piece of whale-bone, of a convenient length, and having faſten'd 
Yee end of it into a thick heavy trencher, to be placed on the plate of the 72;ver. 
ong Wine ; to the other end we tied a weight, whereby the whale-bone was | 
ch'0 Woderately bent, which reach'd down to a flat body placed under it, ſo that 
night che ſpring were but a little weaken'd, the weight muſt either reſt upon, 
o the touch the horizontal plane; or if, on the other ſide, the ſpring ſhould 
25 00: os ſenſibly ſtronger, it might be eaſily perceived, by the diſtance of the 
nd eight, which was fo near the plane, that a little increaſe of it muſt be 
anc idle. Theſe things we conveyed into the receiver, and took care to 


ht, eke the engine as little as poſſible, that the weight might not hit againſt 
e body which Jay under it; or, we be hinder*d from diſcerning, whe- 
(100, er it were depreſſed by the bare extraction of the air. And, when the 
ca had been well pumped out, I watched attentively, whether any notable 
not ange, in the diſtance of the weight from the plane, would happen upon 
its 


where the ſurface reſted, we meaſured the height of the cylinder of water, Pr=vnarres 


16. To try whether the air contributes to the elaſticity of bodies, we - ee = 
ly bent in the 


exhauſted re- 
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PxzvwAariccits being let in again; for the weight was then at reſt: and the retuie 


air flowing in much faſter than it could before be drawn out, 4? leg 
ſeem'd the likelieſt time to diſcover, whether the abſence of the air we quit 
ſenſibly, alter*d the ſpring of the whale-bone. But, tho? the experimey. lon! 
were made more than once, I could only ſatisfy myſelf, that the de * | ded 
ſion, or elevation, of the weight, ow ing to the mere change of the fo | 1 
was not very conſiderable; for I do not think myſelf ſure, that! yy, | gent 
ceived any at all: tho', ſometimes, when the receiver was well exhaue wer 
the weight ſeem'd to be a little depreſsd; yet this, I thought, might wi _—_ 
be aſcribed to the abſence of the air, not conſider'd as a body ty well 
had any thing to do directly with the ſpring, but as a body ty tions 
had ſome gravity ; whereby it made the medium, wherein the experimen rarif 
was try*d, contribute to ſupport the weight that bent the ſpring ; vA Vate 
weight, when the air was abſent, mult have its gravity increaſed, by & firſt 1 
much weight, as a quantity of the exhauſted air, equal to it in bil. tte v 
amounts to. Pori 
To make gages 17. The air, being inviſible, it is not always eaſy to know, whether: ou | 
2 1 be ſufficiently pumped out of the receiver, to be exhauſted ; we, there i may 
—_— ;-* thought it very convenient to have ſome inſtrument within the receirs, Wi that a 
hauſted. that might ſerve for a gage, or ſtandard, whereby to judge when it w Vater 
ſufficiently evacuated. The firſt attempt, made to this purpoſe, 2 Neuer 
by means of a bladder, very ſtrongly tied at the neck; after having jul little | 
only ſo much air left in its folds, as might fully diſtend it, when then hene 
ceiver was very well exhauſted. And this way, in ſome caſes, is uſcii may d 
but, in others, a bladder takes up too much of the receiver, and hind er: v 
the objects from being obſerv*d on all ſides. diviſio 
Another ſort of gage we made with quick- ſilver, pour'd into a the air, 
ſhort pipe, which was, afterwards, inverted into a little glaſs of ſtagunt the pla 
.quick-filver, as in the Torricellian experiment. For this pipe being but gree of 
very few inches long, the mercury in it would not begin to deſcend, tilz Tha 
very great proportion of air was pumped out of the receiver; becauſe, H fore 
then, the ſpring of the remaining air would be ſtrong enough to ſuſtin OWN 
ſhort a cylinder of mercury. And this kind of gage is no bad one, But, lender 
becauſe it cannot eaſily be ſuſpended, and the mercury in it is apt to FS» wt 
ſhake by the motion of the engine, another was ſubſtituted in its place Ent, WI 

conſiſting of a kind of ſiphon, to the ſhorter leg whereof belonged a lining 
glaſs-bubble. ere be 
But, none of theſe gages having the conveniences, that ſome of our toner cury 
periments require; 1 deviſed another, after the following manner. nuch of 

Fig. 47- Take a cylindrical pipe of glaſs, ſix, eight, ten, or more inches in eng eeping 
and not ſo thick as a gooſe-quill ; and, by the flame of a lamp, melt ex abo 
but not too near the middle, and make it into a ſiphon; the legs here orzont 

are to be parallel, and as near to each other, as poſſible. In one of te But th 
legs, uſually the longer, leave at the top, either half an inch, ora wer ſh 
inch, more or leſs, according to the length of the gage, or the defign 01088” ifactio 
£xperimenter, of air in its natural ſtate; and fill the reſt of the op . ſt 

e m1 


Vor, 
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leg, and as great a part of the ſhorter as ſhall be thought proper, with F rte, 
quick-ſilver. This done, there may be marks placed on the outſide of the 
longer, or ſeal'd leg, whereby to meaſure the expanſion of the air inclu- 
ded therein. : 
This inſtrument, being convey'd into a receiver, and the air very dili- 
gently pump'd out, notice muſt be taken, to what part of the gage the 
mercury is depreſs*d, that we may know, when the mercury ſhall, after- 
wards, be driven fo far, that the receiver, wherein the gage is placed, is 
well exhauſted. And if it be deſired to know, more accurately, what ſta- 
tions of the mercury, in the gage, are anſwerable to the degrees of the 
rarifaction of the air in the receiver; this may be gain'd by letting in 
Vater, as often as is neceſſary, into a receiver, whoſe entire capacity is 
© firſt meaſured; and in which there might be marks made to ſhew when 
the water to be let in, ſhall have fill'd a fourth, a half, Sc. of the cavity. 
| For if, when the quick-filver in the gage, is depreſſed to a certain mark, 
you let in water, which appears to fill a fourth part of the receiver; you 
may conclude, that about one fourth part of the air was pump*d out; or 
that a fourth of the ſpring of the whole included air was loſt. And if the 
vater either falls conſiderably ſhort of, or exceeds the quantity expected; 
you may the next time, let in the water, either after the mercury has a 
little paſs'd the former mark, or a little before it is arrived at it. And 
hen once you have, this way, obtain'd one long, and accurate gage, you 
may divide others by the help of this, placed with them in a ſmall recei- 
ver: when, the mercury in the former, being depreſs'd to any determinate 
diviſton, obtain*d by obſervation; you may, thence, conclude, how much 
the air, in the receiver, is rarify*d ; and conſequently, by taking notice of 
the place where the mercury reſts in the other gages, determine what de- 
ꝑree of exhauſtion, in a receiver, is denoted by that ſtation of the mercury, 
That leg of the gage which includes the air, may be ſeal'd up, either 
Pefore the pipe is bent into a ſiphon 3; or, which is much better, by firſt 
Wrawing out that end of it you deſign ſhall be ſeal'd, to a ſhort, and very 
Wender thread: then, having made the tube into a ſiphon, pour into the 
eg, which is to remain open, as much quick-filver as you judge conveni- 
nt, which will riſe to an equal height in the other leg; and, by gently in- 
lining the ſiphon, you may pour the ſuperfluous mercury out of it, if 
ere be any; and when there is an inch, or the proper ſpace, unfill'd with 
nercury next the end that is to be cloſed ; and the reſt of that leg, and as 
nuch of the other as is neceſſary, fill'd with quick-filver ; you may, by 
eeping the ſiphon in the ſame poſture, and warily applying the flender 
pex above-mention'd, to the upper part of the flame of a lamp, blown 
orizontal, conveniently ſeal it up. 
But there are ſome experiments, wherein it is not neceſſary that the re- 
Iver ſhould be fully exhauſted ; but, rather, that the degrees of the air's 
rifaction ſhould be well meaſured. And, in many caſes, we may uſe 
pes, ſhaped like thoſe hitherto deſcribed, made as long as the receiver 
il admit, and furniſh'd, inſtead of quick- ſilver, either with tinged Spirit 
Vor. II. Rrr of 
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PxEVMATICS of wine; or elſe the tincture of red roſe- leaves, drawn with. common 
water, and heightned with a little ſpirit of vitriol. For the lightneſz gf 
theſe liquors, in compariſon of quick-ſilver, will allow the expanſong e cail 
the air, included in the gage, to be very manifeſt ; tho', perhaps, a Quar 
ter of the air be not pump'd out of the receiver. 

We may atfo, in ſuch caſes, and where the receiver is ſufficiently lg, 


and not to be quite exhauſted, make uſe of a mercurial gage, differ; ſel o 
from the former in this, that the ſhorter leg need not be above an inch, = merc 
half an inch long, before it widens into a bubble, about half an inch, 9 4 pend, 
an inch in diameter; and having, at the upper part, a very ſhort dc or thi 
ſlender open pipe, whereat the air may get in and out: and here we neg MA and u 
not include ſo much air, as, otherwiſe, would be requiſite, at the top of © top 0! 
the longer leg; becauſe the mercury, in the ſhorter, cannot, by reaſon of ME merct 
the breadth of the bubble, into which the expanſion of the air drives it, k very a 
conſiderably raiſed 3; whereby the degrees of the included air's rarifadim 
become very viſible. 
An eaſy way to 18, I cauſed a hollow ſtrong piece of braſs to be made, two or the of thre 
7 — 7 inches high, opening, at both ends, in orifices circular and parallel, by equal 
Tenfible ts the not equal; which, being cemented, as a ſmall receiver, to the engine; into th 
touch, whoever doubted the preſſure of the air to be conſiderable, needed only ly not be 
the palm of his hand upon the upper orifice, and preſs it cloſe ther: curry, 
for, upon withdrawing, by a ſingle ſtroke, the greateſt part of the Hi ccd, p- 
ſure of the internal air, that, before counter-balanced the external; th Water, 


hand, being left alone, to ſupport the weight of the atmoſphere, would er 
preſs*'d inwards very forcibly ; eſpecially, if, by a ſecond ſtroke of th Wi 
pump, the little receiver were farther exhauſted : and this preſſure con 
tinues, till the air be re- admitted into the receiver. If a more ſenſible 
conviction be deſir'd, it is eaſy togive it, by turning the larger orifice upper 
moſt, and proceeding, as before; but this ought not much to exceed o 
inches and a half in diameter, leſt the great weight of the air ſhould break, 
or conſiderably hurt the hand: as I once much endanger'd my own, tio 
miſtake of the pumper, who fell to work, while I held it upon the orifice 
ofa veſſel too large in diameter. 
Mercury ſubſi- 19 A barometer being included in a receiver, made of a long bolt- 
ding in the head, with the lower part of the ball cut circularly off; upon the firſt 
bs ergo ſuction of the air, the quick-ſilver, that before ſtood at twenty. nine inches, 
with the fag- would fall, and reſt, at nine or ten inches; and, in about three ſtroke 
nant by ex- more, it would be brought quite down to the level of the ſtagnant quick- 
trading the flyer, and ſomewhat below: but the air, being let into the receiver, the 
_ mercury would be impell'd up flow, or faſt, as we pleas'd, to the forms 
height of twenty-nine inches. i 
If the air were ſuffer'd to go haſtily out of the receiver, the mercury 
would, at the very firſt ſtroke, deſcend, till it reached within an inci 
or two of that in the veſſel; tho' it would, preſently after a few riſing 
and fallings, ſettle at the height of nine or ten inches, till the next ſtroke 
brought it down lower. * 
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And if, when the mercury was re- impell'd up to its due height, inſteadPunar tes 
| ofrarifying the air, it were a little compreſs'd ; the quick- ſilver would be 
eaſily made to riſe an inch, or more, above the former ſtandard of twenty- 
nine inches. 
4 ; We, alſo, took a glaſs-tube, ſeal'd at one end, much ſhorter than the 
due length, and having fill'd it with mercury, and inverted it into a veſ- 
ſel of ſtagnant mercury, we placed all in the former receiver; where the 
mercurial cylinder, for want of the requiſite height, remain'd totally ſuſ- 
F pended ; but upon the farſt, or ſecond ſtroke, ſubſided, and, after two 
or three more, fell to a level with the ſtagnant mercury, or a little below it: 
and upon the letting in the air, it would be again impell'd to the very 
© top of the tube, bating an aerial bubble, which ſeem'd to come from the 
mercury itſelf; and was ſo little, as not to be at all diſcernible, but to a 
very attentive eye. | 
20. Into a very large glaſs-tube, hermetically ſeal'd at one end, and I ſmall and 
about two feet and a half in length, we pour'd quick-ſilver, to the height ge open 
of three or four fingers; then we took two cylindrical pipes, of very un- — = 
equal bores, and open at both ends, and plunged the lower ends of both 4, pretended, 
into the quick-filver ; faſtening them to the former tube, that they might :e weight of 
not be moved out of their poſture; in which the convex ſurface of the mer- 92%" 3 
Wcury, in both, ſeem'd almoſt to lie in a level; the tube, alſo, being pla- 7 _—_ . 
ced, perpendicularly, in a frame: then, by the help of a funnel, we pour'd Beige. 
water, by degrees, in at the top of the tube; and obſerv'd that, as the 
water gravitated, more and more, upon the ſtagnant mercury; ſo the in- 
cluded mercury roſe equally, in both the pipes; till the tube, being al- 


1 moſt filPd with water, the mercury appear'd to be impell'd, and ſuſtain'd 
e both, at the height of about two inches above the ſurface of the ſtag- 
. ant quick-ſilver. And, having caus'd about half the water, in the large 


Cube, to be ſuck'd out at the top; we obſerv'd the quick- ſilver, in both 
he others, to ſubſide uniformly, and to re- aſcend alike upon the re- affu- 
gon of the water. 

We, alſo, took a very wide tube of glaſs, a foot long, and pour'd into 
a convenient quantity of quick- ſilver; then we took two pipes, of an 
qual length, but unequal bores, as before; and theſe, being fill'd with 
uick-ſilver, as in the Torricellian experiment, were let down into the 
oc, and unſtopp'd, under the ſurface of the ſtagnant mercury: when, 


h f a : , 
— at in the pipes, falling to its wonted ſtation, and reſting there, we pour'd 
quick to the tube about a foot height of water, whereby the quick- ſilver ap- 
;, th er'd equally impell'd above its ſtation, and ſuſtain'd there, in both the 


pes; and, upon withdrawing ſome of the water, it began to ſubſide 

ice, as to the ſenſe, in both: and water, being a ſecond time pour'd down 

to the tube, the mercury, 1n both pipes, roſe uniformly, as before. By 

hich, and the former experiment, it appears, that a gravitating liquor, 

ar, or water, may impel, or ſuſtain mercury, at the ſame height, in 

bes of very different capacities; and that liquors balance each other, ac- 

ding to their altitude, and * according to their weight. For, 
FF'2 in 
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Pxxumar ies jn the laſt experiment, the additional cylinder of one inch of mercury 
was manifeſtly rais'd, and kept up by the water incumbent on the ſtagnant 
mercury. And the ſame parcel of water counterpois'd, in the differerr 
pipes, two mercurial cylinders, which, tho* of the ſame altitude, were 
very unequal in weight. 

The height 21, Amalgamating mercury, with a convenient proportion of pure tin 

whereat pare that the mixture might not be too thick, we therewith fill'd a cylindricy 

an 75 1. pipe, ſeal'd at one end, and of a fit length; and then inverted it into; 
gamated with little glaſs, furniſh'd with the like mixture. The event was, that the 
tin, will land amalgam did not fall down to 29, but ſtopt at 31 inches, above the ſyr 

n baremeters. face of the ſtagnant parcel. Hence it appears, that the height of the l. 
quor, ſuſpended in the Torricellian tube, depends ſo much upon its equi 
librium, with the external air, that it may be varied as well by a cha 
of gravity in the ſuſpending liquor, as we formerly ſaw it might by a 
alteration in the atmoſphere. 

It might be worth while to try, by comparing the height of the ami 
gam to what it ought to be by the ſpecific gravities of the mercury, an 
the tin mix'd in a known proportion, whether theſe metals penetrate each 
other, in the ſame manner as copper and tin have been obſerv'd to do; 
when being melted down together, they make a more cloſe and ponderouy 
body than their reſpective weights ſeem'd to require. 

To make por- 22. We took a hollow cylinder of glaſs, ſeal'd at one end, and 4 ot; 

table barome- feet in length; and by the flame of a lamp, bent it after the manner of 

885 ſiphon, one of the legs whereof is 3 or 4 times longer than the other; 
whence the ſhorter leg may ſerve, inſtead of the veſſel, uſually employ 

Fig. 49. to contain the ſtagnant mercury. To fill this, take a ſmall glaſs funn, 
with a long and ſlender ſhank, ſo that it may reach 3 or 4 inches, or fi- 
ther, into the ſhorter leg of the barometer ; and by the funnel, pour im 
the ſhorter leg, as much mercury as may reach about 2 or 3 inches 1 
both legs; then ſtopping the orifice with your finger, and ſlowly incl. 
ning the tube, the mercury, in the longer leg, will fall to the ſeaſd end 
and the air that was there before, paſs by, and give it room. Themer- 
cury, in the ſhorter leg, which ought to be held uppermoſt, will, by the 
ſame inclination of the tube, fall towards the orifice; but being, by We 
finger, kept from falling out, if you ſlowly erect the glaſs again, and then 
ſtop it, as before, the mercury will paſs out of the ſhorter leg into ti 
longer, and join with that which was there before; and if all the met 
cury do not ſo paſs, the orifice is to be ſtopt again with the fingen 
and the tube inclined as formerly. This done, the tube is to be“ 
rected, and by the help of the funnel, more mercury 1s to be pour 
in; and the ſame proceſs of ſtopping the orifice, inclining the tube, Ct, 
is to be repeated, till all the mercury, pour'd into the ſhorter leg, 6 
brought to join with that in the longer; and then the open leg 15 108 
tarniſh*d with freſh mercury; obſerving, that the nearer the longer 
comes to being fill'd, the leſs you muſt raiſe it, from time to time, wie 
you pour mercury into the ſhorter ; as alſo, that when the longer leg! 
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xceed a yard; becauſe, upon erecting the tube, there will ſubſide from 
he taller leg into the other, a conſiderable quantity of mercury. And to 
e it from bubbles, you muſt, once more, ſtop the orifice with the fin- 
er, and incline, and re- erect the tube ſeveral times, till you have there- 
y brought moſt of the ſmaller bubbles into a ſingle large one; then ma- 
ing this paſs leiſurely, two or three times, from one end of the tube to 
he other, it will unite all the ſmall bubbles to itſelf: and this may, after- 
ards, by one inclination more of the tube, be made to paſs into the ſhorter 
and thence into the free air. 
But there is another ſort of funnels, with which, if ſkilfully uſed, the 
nded tubes of our portable barometers, may be very expeditiouſly fill'd. 
For, if the ſlender part of the funnel be bent in an obtuſe angle, and fo. 
bg, that the part which is to go into the ſhorter leg of the ſiphon, may 
ach to ĩts flexure; you may, by holding the tube fo, that the ſealed end be 
me what lower than the other, and by pouring in mercury at this obtuſe 
ndof the angular funnel, eaſily make it run over the flexure, into the longer 
be of the ſiphon; provided you now and then, as occaſion requires, erect 
dſhake the tube, to help the mercury to get by the air, and expel it. 
Weaccompliſh'd another part of our deſign by means of a piece of wood, 
me what longer than the tube, and conſiderably broader in the lower part, 
an in the upper, to receive the ſhorter leg of the ſiphon. In ſuch a piece 
wood, which was about an inch thick, we caus'd ſuch a channel to be 
hade, that our ſiphon might be placed in it ſo deep, that a flat piece of 
pod might be laid on it, without touching the glaſs; ſo that this piece of 
dod may ſerve for a cover to defend the glaſs, to be put on when the in- 
rument is to be tranſported ; and taken off again, when *tis to be hung 
d for obſervation 3 the channel'd piece of wood ſerving both for part of a 
ſe, and for an entire frame; which may, for ſome uſes, be a little more 
dmmodious, if the cover be join'd to the reſt of the frame, by two or three 
le hinges and a haſp, whereby the caſe may be readily open'd and 
ut, at pleaſure. | 
The third thing we propos'd, is not ſo eaſy as the ſecond ; nor have we 
t had opportunity to try whether the way we made uſe of, will hold, if 
e barometer be tranſported into very remote parts; tho', by ſmaller re- 
dves, we found reaſon to hope *twill ſucceed in greater, 
The grand difficulty was, to prevent the ſpilling of the mercury.; for, 
upper part of the tube being deſtitute of air, if the quick-filver, by the 
dtion of the inſtrument, be made to vibrate, it will hit ſo violently a- 
Inſt the top of the glaſs, as to break it. To obviate this inconvenience, 
incline the tube, till the mercury be impell'd to the very top of it; when 
there will remain a competent quantity in the ſhorter leg of the glaſs, 
that be not too ſhort ;. then the remaining part of the ſhorter leg, is to 
bald up either with water or mercury, and the orifice of it very care- 
ly ſtopp'd with cement: by this means, the mercury in the longer leg. 


ing no room to play, cannot ſtrike with violence againſt the top of the 
b. When 


ite full of mercury, you need not pour in any more, if the longer much P*zvnariCE 


— — 
. 


—  — 
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Pxzvwarrcs When the inſtrument is to be tranſported, the height of the mer 


Y cylinder being taken for that place, day, and hour, and compared un 3 der a 
that of another good barometer, which is to continue in the ſame place, . n : 
much of the channel, as is unpoſſeſs'd by the glaſs, may be ſtuffed yi, WM 3 | 
cotton, or the like; and ſome of the ſame matter may be put between ix Flow 


reſt of the frame, and the cover, which ought to be well bound together 
And when the inſtrument is arrived at the place deſigned, the water, ty 
is added, may be taken off again, by pieces of ſpunge, linen, Sc. by, ; 
inſtead of water, mercury be employ'd, it ought to be taken out, till yy 
have juſt the weight that was put in. The chief uſe of this baromew 
is, by keeping a diary of the heights of the mercury herein, and com. 
ring them with thoſe in the barometer, that was not remov'd, to diſcyyer 
the agreement or difference of the weight of the atmoſphere, in diſtant 
places. The ſtructure of this inſtrument, alſo, fits it to be ſecurely |, 
down into wells, or mines; to be drawn up to the top of towers, and, 
ther elevated places; and, perhaps, by a convenient addition, ſuch bag. 
meters may ſhew very minute alterations of the atmoſpheres preſſure, 
Whether this barometer, furniſh*d, at its upper end, with a ball and ſq. 
ket, and at the lower, with a great weight, may be ſerviceable at ſea, not 
withſtanding the rolling of a ſhip, I have not try*d ; but it may, at leak 
be apply*d in flat calms, to ſhew the weight of the atmoſphere in diff. 
rent climates upon the ſea ; which may, perhaps, prove uſeful to navigy 
tors, by enabling them to foretel the end of the calm. Beſides, having one 


g moſ P 
eight 


were ob 
mromet 


be befc 


of theſe inſtruments ready, whenever they come on ſhore, they can prelenly this n 
take notice of the gravity of the atmoſphere, in that place; and this, per „her 
haps, compared with other obſervations, may, in time, help them tog nder a] 
| where they are, and to foreſee ſome approaching changes of weather, Fcllure « 
Mercury in s 23. Two perſons, whom I employ'd, found the mercury, in a po Havin 
barometer will barometer, fall a little, as they aſcended a hill; at the top whereof tit ore tl 
en” los the fluid ſettle, and carefully noted the place whereat it reſted, wii eo be 
TE /han at was one quarter of an inch beneath its former ſtation ; tho? the hill wasndt 1 dle, 
thetop of a bill. high, and the air and wind ſeem'd, to them, much colder at the top, than Inted t. 

below. And as they deſcended, they obſerved that the mercury rol ga- the 
The weieht of dually. Wcludec 

e weight of Y - . 
the air will ſu- 24. Take the bent tube, mention'd in the twenty-ſecond experimeit, . bur, 
frain the ner. and inclining it, till the greateſt part of the mercury paſs from the ſhort? Wn the f 
—_— 33 leg into the longer, the upper · end of the ſhorter leg, may, by the flame Bp 6. WI 
| 5 be above u fiderab 
preſs thereon Of a lamp, be drawn out ſo ſlender, that its orifice ſhall not | 

but at a very eighth or tenth part as big as *twas before. This being done, and in len; 
Jmall orifice. tube erected again, if the tall cylinder of mercury be of the uſual, 0 for- r a ver) 
Bothan oblique mer keight, as we found it, *twill appear that the weight of the extent the 
Rn air may preſs as much upon the ſtagnant mercury, thro? a little „ Pon oft 
and the ſpring as When all the upper ſuperficies of that mercury, was directly exp BW, by t 
of a little in. to it. | F that | 
24076 faint 25. If, inſtead of drawing the ſhorter leg of our ſiphon directly weil 0 with 
mercury in 2,07 parallel to the longer, as in the foregoingexperiment, you bend off the p al cylir 


bat ometer. 
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the longer leg of the ſiphon, or an acute one, tending downwards; and p 
hen the tube is erected, the mercury reſts at its uſual ſtation ; *twill ap- 
7 pear, that the preſſure of the atmoſphere may be exercis'd upon it as well 


obliquely, when the pipe that conveys it, is either horizontal, or opens 
downwards. 


Willy, the continuance of the mercurial cylinder, at the ſame height, 
Will ſnew, the ſpring of a very little air, ſhut up with the preſſure of the 
Ecol] phere upon it, is able to ſupport as tall a cylinder of mercury, as the 
5 eight of that part of the atmoſphere, which can come to exerciſe 
Its preſſure againſt the mercury. 
lt, when the ſhorter leg of the barometer is ſealed, you move the in- 
frument up and down, the mercury will vibrate, by reaſon of the yield- 
g ſpring of the impriſon'd air; but becauſe of the reſiſtance of the ſpring, 
he motion will be diverſified after an odd manner; which may be eaſily 
perceiv'd by the impreſſion it makes upon the hand, but not ſo eaſily de- 
rribed. And as, when the ſhorter leg is drawn out ſlender enough, af- 
er the inſtrument is furniſh'd with quick-filver, tis eaſy to ſeal it up with 
e flame of a candle, without the help of any inſtrument at all; I might 


ff. re obſerve, that it may, on ſome occaſions, be convenient to ſeal up the 
g rometer, before it be tranſported; and, in ſome caſes, to incline the 
obe before-hand, till the quick-filver have quite fil d the longer leg: for 
ntly chis means, the vibrations of the quick- ſilver will be leſs; and ' tis ea- 
pet- when the inſtrument is brought to the deſign'd place, to break off the 


1c nder apex of the ſhorter leg, and ſo expoſe, again, the mercury to the 
eſſure of the atmoſphere. 

Having caus'd a portable barometer to be made, with the ſhorter leg of 
Wore than ordinary length; I afterwards caufed the upper part of this 
un to be drawn out very ſlender; and laſtly, the ſame to be, about the 
Wdle, bent downwards, ſo that the ſmall orifice of the ſlender apex, 
Wnted towards the ground; when neither I, nor ſome others, took notice 
We the mercury ſtood lower than in ordinary barometers : whence we 
Peluded, that the atmoſphere could preſs, not only at a very ſmall ori- 
but, when the air muſt, at this little orifice, tend upwards, to preſs 
dn the ſurface of the ſtagnant mercury. 


den WiWiiclerably heavy, 1 cauſed a glaſs pipe, hermetically ſealed at one end, rometer »/efut 
nd tit in length about two feet and a half, to be fill'd with quick- ſilver; ex: 54% at certain 
or for. ra very little part, wherein ſome drops of water were put, that we 

xte nt the better diſcern the bubbles, if any ſhould be left, after the in- 

hol, lion of the tube into an open glaſs, containing ſtagnant mercury. Ha- 

xpoſs WW, by this means, freed the tube from bubbles, we ſo order'd the mat- 


that the quick ſilver, and the little water about it, exactly fill'd the 
„ without leaving any viſible interval at the top; and yet the mer- 
al cylinder was but very little higher than that of our barometer at 


2 that 


der part, ſo that, were it continued, it would make a right angle with P*=vmarics 


And, if inſtead of bending this ſlender pipe, you ſeal it up hermeti- ig. 51 


16. When it appear'd, by a good barometer, that the atmoſphere was 7, mats 4 ba- 


4.96 


Pxevmaricithat time. Then the pipe was left erected in a quiet place, whe: the 


The aſcent of 


/:quors i199 ceiver, and the air withdrawn, it bubbled exceedingly for a confiderih 


Render tubes 
Wm Vacuo. 


A ſpontaneous 


aſcent of wa- 
ter in a tube 
filled with a 
compact body. 


ther with cement, we let down into the ſame ſpirit of wine, when there 
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liquors retain*d the former height for ſeveral days. A (chool-philoſophe Lede 
would confidently have attributed this ſuſtentation of ſo heavy a body l lend 
nature's dread of a vacuum; but either ſhe is not always equally ſibje | 
to that fear, or ſome other cauſe of the phenomenon mult be afigyy, 
for, when, long after, I had obſerv'd by the barometer, that the amo. 
ſphere was grown much lighter than before, I found the quick. ſilyer, i 
the ſhort tube, conſiderably ſubſided ; leaving a cavity at the top, which 
afterwards grew leſs, as the atmoſphere became heavier. p 

27. Some ſpirit of wine, ting*d with cochineal, being put into the. 


E pores, 
3 5 the 
time. Then, little hollow pipes, of different ſizes, were put into it, wi 
the red liquor aſcended higher in the more ſlender, than in the other, 
but upon extracting the air, there ſcarce appeared any ſenſible di: 
rence in the heights of the liquor, nor upon the letting it in again, | 

Afterwards, two ſuch tubes, of different ſizes, being faſten'd tog. 3 Wat 


ceiver was well exhauſted : notwithſtanding which, the liquor aſcends 
in them, for ought we could plainly fee, after the ordinary mane; 
only when the air was let in again, there ſeem'd to be ſome litk 
riſing, at leaſt in one of the tubes. 

In this experiment, tho? there appear*d no bubbles at all in the ſpirit 
wine in the veſſel, yet, for a confiderable time, there aroſe bubble 
that part of the liquor which was got into the ſlender pipes. 

28. J took a ſtrait pipe of glaſs, open at both ends, and of a ne 
derate bore ; and having tied a linen rag to one end of it, that the v 
might have free paſſage in, and the powder not be able to fall out, & 
carefully fill'd the cavity with minium; and then having erected the tu, 
ſo that the bottom of it reſted upon that of a ſhallow, open-mouth'dgul 


Was is ne 
number 
ture ma 

tops of 
Walent t. 
Probabl 
As fo 
Whro* wl 
j O I try? 
dy the h 


containing water enough to riſe an inch or two above the bottom f inium 
the tube, it infinuated itſelf, by degrees, into the cavity thereof, a5 aps then th 

ar'd by a little change of colour in that part of the minium wich ould n 
reach'd ; till the open glaſs being, from time to time, ſupplied vic fenf the w 
liquor, it attain*d to the height of about thirty inches. D Oppo! 


Taking, afterwards, another tube, and ſome minium, carefully pt * 
pared, 1 proſecuted the experiment, ſo as to make the water riſe N comm: 
the pipe about forty inches above the ſurface of the ſtagnant Water. 

Making the experiment with beaten glaſs, pieces of ſpunge, putty) 6 
I did not find any of them ſucceed ſo well as the minium. Ting'd 11quo 
as ink, tincture of ſaffron, &c. ſeem'd not to riſe near ſo high 25 vat! 
as if the diſſolved ingredients gradually choaked the pores of the i 
nium. | | 


us part 
d have li 
an wher 
hereto t. 
ent were 


To have the grains of our powder more minute, and the interval t to be 
tween them ſmaller, I choſe the beſt ſort of minium, ſifted it very ii e glaſs, 
and ſo put it, by little and little, into the tube; that by ramming it Sine cru 


time to time, it might be made to lie the cloſer : and this method 7 ſurp 
| 2 | 0 L. 


Phyfico-mechanical Experiments. 


gender, the experiment would not ſucceed. | | 

It may be worth while to obſerve, in what times the water aſcends to 
certain heights 3 for, at the beginning, it will aſcend much faſter than at- 
© [crwards, and ſometimes continue riſing for 30 hours, or longer. 
One end propoſed in this experiment is, to diſcover a miſtake in the 
modern explication of filtration; which ſuppoſes, that the parts of the 


pores, are thereby made to lift up the water, till it touch the higher parts 
of the filtre; by which means, theſe being alſo wetted and ſwell'd, raiſe 


to the top of it, whence its own gravity makes it deſcend ; but, in our 


very hard to ſhew, that any ſuch intumeſcence is produc'd, as this expla- 
nation requires. 
Water aſcends ſo few inches, even in very ſlender pipes, that the riſe 
Wof the ſap in trees, ſeems hardly accountable for, from the ſame cauſe. 
In the laſt trial, above-mention'd, I made water to aſcend above 3 feet 
land a-half; and if by ſo flight an expedient, water may be rais'd as high 
as is neceſſary for the nutrition of ſome thouſands of plants; for ſuch a 
number there is that exceed not 3 feet and a half in height; I aſk why na- 
ure may not have uſed other contrivances, to make liquors aſcend to the 
Eops of the talleſt trees; eſpecially, ſince beſides heat, and ſomething equi- 
Falent to valves, &c. many other things, perhaps not yet dream'd of, may 
Eprobably concur to the effect? 
As formerly, by bending theſe ſlender pipes, we made ſhort ſiphons, 
Whro* which the water would run, without being at firſt aſſiſted by ſuction z 
1 I try'd whether I could, in larger pipes, make much longer ſiphons, 

y the help of minium. But tho, when the orifices pointed upwards, fine 

Pinium were ramm'd into both the legs, and both the orifices cloſed, yet 

a ö then they came to be again turn'd downwards, the weight of the minium 

7ould make ſome ſuch diſcontinuation, as to hinder the farther progreſs 
f the water. This impediment, however, I judg'd ſuperable, but had 
b opportunity to 1 the experiment. 

29. Having in 


d have lined the inſide of the glaſſes, and to have aſcended much higher 
an where the ſurface of the remaining water then reſted ; or the part 
hereto the liquor reach'd, when it was firſt pour'd in. And it the experi- 
ent were continu'd long enough, I ſometimes obſery*d this aſcent of the 


aku t to be of ſome inches; and that the ſalt did not only line the inſide of 
ery e glaſs, but getting over the brim of it, cover'd the outſide alſo with a 
g. ine cruſt; ſo that, conſidering what a little liquor remain'd in the glaſs, 


was ſurprizing how it could poſſibly get thither. Other ſalts alſo, beſides 
Vo I. II. «1. theſe 


3 Eltre which touch the water, being ſwell'd, by the ingreſs of it into their 


che water to the other neighbouring parts of the filtre, till it have reach'd 


| caſe, we have a filtre made of ſolid metalline corpuſcles; where it will be 


497 


ceded well. It ſeem'd, by a trial or two, that if the tube were very —— 


allow, wide-mouth glaſſes, expoſed a ſtrong ſolution The /pontane- 
f common ſea-ſalt, or of vitriol, to the air, which reach'd not, by ſome 9 a/cent of 

ches, to the tops of the veſſels ; and having ſuffer'd much of the aque- - * _ - 
us part to exhale very ſlowly ; the coagulated ſalt, at length, appear d- — 


Pxrzvwartcitheſe mention'd, will exhibit the fame phenomenon. The cauſe of 1; 
dd odd effect may be referr*d to that of the aſcent of liquors in — 1 
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I obſerv'd in water, and aqueous liquors, that part of the ſurface ny, 
the ſides of the glaſs, to be ſenſibly more elevated than the reſt of the ſy. 
perficies; and if very minute clippings of ſtraw, or other ſmall and light 
bodies, floating upon the water, approach near enough to the ſides of h 
glaſs, they will be apt to run up, as it were, this aſcent of water, 2d 
reſt againſt the ſides of the glaſs. 

We may alſo obſerve, that ſea - ſalt uſually coagulates at the top of th 
water, in ſmall and oblong corpuſcles; fo that, as to theſe, it is eaſy ty 
conceive, how numbers of them may faſten themſelves around the inſid; 
of the glaſs. And beſides fea-falt, 1 have found feveral others, which, if 
their ſolutions be ſlowly evaporated, will, whilſt yet there remains a large 
proportion of liquor, afford faline concretions at the top of the water, 
And the faſtning of faline particles to the fides of the glaſs, may, perhay, grains 
be promoted by a coldneſs, communicated by corpuſcles contiguos u mercu 
the glaſs; becauſe the glaſs may be ſuppoſed more cold, upon account i 
its denſity, than water; bur by the evaporation of the aqueous parts of 
the ſolution, the ſurface of the remaining liquor muſt neceſſarily ſubſide; 
and thoſe faline particles that were contiguous to the inſide of the ga, pute th 
and the more elevated part of the water, having no longer liquor enough equent 
to keep them diſſolv'd, will be apt to adhere to the ſides of the glaſs; a iamete 
upon the leaſt farther evaporation of the water, become a little hig 
than the greater part of the ſuperficies of that liquor; whence, by reaſon 
of the little inequalities that will be on the internal ſurface of the adhering 
corpuſcles of the ſalt; and perhaps alſo, on the internal ſuperficies of the 
glaſs ; there will be intercepted between the ſalt and the glaſs, little car 
ties, into which the water, contiguous to the bottom, will aſcend, or be 
impell'd by the fame power that raiſes it in ſlender pipes. And when ti 
liquor is thus got to the top of the ſalt, and lies expoſed to the air; the 
faline part may, by the evaporation of the aqueous, be brought to coa- 
gulate there; and conſequently, to increaſe the height of the ſaline fim, 
which, by the like means, may, at length, reach to the very top of the 
glaſs ; and thence it may eaſily be brought over to the outſide of the vel- 
fel, where the natural weight of the ſolution will facilitate its progres yy 
downwards; whence the pellicle of ſalt, together with the contiguous a { 
furface of the glaſs, may, at length, conſtitute a kind of ſiphon. | 1 _ 

Thus I have uſually obſerv'd the ſaline film to be very eaſily ſeparable Cate [ 
from the glaſs in large flakes z which argues, that they did not ſtick cloſe — a 
to one another, except in a few places; but had a thin cavity interpok 3 2 
between them, thro* which the water might aſcend. F — 

Nor is it repugnant to this explanation, that in caſe the water aſcended, hap 0 
it ſhould diſſolve the ſalt; for the liquor being already upon the pom f, od. 
of concretion, it is fo ſaturated with falt, that it can diſſolve no mot. d to th 
Whence we may alſo ſee, why, when the ſaline film reaches to the outſide o the 
of the glaſs, the liquor does not run down to the bottom, but cage 
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dy the way. And I have ſuſpected, that when the concretion is once be- Przvmatic 
A the film may be raiſed and propagated,'not only by the motion of the © YN 
favor between the inſide of that and the glaſs; but by the ſame liquor in- 

ſauating itſelf on the outſide of the film, into the ſmall interſtices of the ſa- 

line corpuſcles; as ink riſes into the ſlit, and along the ſides of the nib of a 
pen, tho” nothing but the very point touch the ſurface of the liquor. And 
by this means the impregnated ſolution may, as it were, climb up to the 
top of the ſaline concretion, and by coagulating there, add to its height. 
30. Having caus'd a cylindrical piece of braſs to be very carefully To 7imat- 
© turn'd, of an inch in diameter, 3 inches in length, and open at both ends; % gravity of 
to one of theſe ends we exactly fitted a flat bottom of the ſame metal, and OTE 
z * 1 | * phere 
faſten'd it very cloſe with little ſcrews on the outſide. e 2 ens 
Inis inſtrument, being balanc'd in an exact pair of ſcales, was carefully weights. 

filbd with pure mercury, which we found to weigh 137 drams, and 45 
grains; and multiplying that by 10, there will ariſe, for the weight of a 
mercurial cylinder of one inch in diameter, and 30 inches in height, about 
i pound, 2 ounces, and 3 drams, troy. | 
The weight of a mercurial cylinder in an equilibrium with the atmo- 
ſphere, and of an inch in diameter, being thus ſettled, we may eaſily com- 
pute the weight of a cylinder of quick-ſilver of another diameter, and con- 
ſequently the force of the preſſure of an atmoſpherical column of the ſame 

diameter; for ſince cylinders of equal heights are to one another, as their 

baſes; and the baſes of cylinders to each other as the ſquares of their dia- 
meters; and laſtly, ſince we here ſuppoſe mercury a homogeneous body; 
the mercurial cylinders will be to each other in weight, as they are in 
Pulk; if then, for inſtance, we would know the weight of a cylinder 30 
Inches high, whoſe diameter is 2 inches, the rule is this: as the ſquare of 
e diameter of the ſtandard cylinder, whoſe weight is known, to the 
uare of the diameter of the cylinder propog'd ; ſo is the bulk of the for- 
Wer to the bulk of the latter, and the weight of that to the weight of this. 
hus the ſquare of one inch, the diameter of the ſtandard cylinder, being 
ne, and the ſquare of two, the diameter of the cylinder given, being four; 
e bulk or ſolid content of this latter cylinder, and conſequently its 
eight, will be four times as great as thoſe of the ſtandard cylinder. 

31. We took a ſmall vigorous load-ſtone, capꝰd and fitted with a looſe De attragiv- 
late of ſteel, ſo ſhaped, that when ſuſtain'd by the ſtone, we could hang, e of the 
ta little crook that came out of the midſt of it, and pointed downwards, _ banded 
ſcale 3 into which we put weights; and then, by ſhaking the 1oad-ſtone, — 
much as we gueſs'd'it would be by the motion of the engine; we found 
ie greateſt weight, that we preſum'd it would ſupport, notwithſtanding 
e agitation whereto it would be expos'd, was, beſides the iron plate 

the ſcale, 6 ounces troy : and if we added half an ounce more, the 
hole weight appear'd too eaſy to be ſhaken off. This done, we hung 
e load-ſtone with all the weight it ſuſtain'd, at a button of glaſs faſt- 

d to the top of the inſide of rr when it was firſt blown; and 
2 thoꝰ 
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The preſure of 32. We took a braſs ſyringe, the barrel about 6 inches in length, uy; 
the external the diameter about an inch and 3 eighths; and having, by placing a th 


air being ta- 
ken off, the 


ſucker of a ſy- 
ringe is eaſily 


drawn up, tho 


the lower ori- 


fice be ſtopt. 
Fig. 52. 


having ty'd a weight of 2 Pong 2 Ounces to the barrel, we ſuſpended 


the pump to be.ply'd, we made 11 or 12 exſuctions, without finding an 
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tho? in about 12 exſuctions we uſually emptied ſuch receivers, a, ty, 

as was requiſite for moſt experiments; yet this time we made 4, 

twice that number; when violently ſhaking the engine, without thereh 
ſhaking off the weight that hung at the load-ſtone, the iron ſeem'd | 
be very nearly as firmly ſuſtain'd by it, as before the air began. to k. 
pump'd out; for the extraction of the air, tho? it be not ſupposd u 
weaken the preciſe power of the load-ſtone ; yet it muſt leſſen its poyy 
to ſuſtain the ſteel, becauſe this in ſo thin a medium muſt weigh he. 
vier than in the air. 


* n 
n 13 2 & Wires Kr * * 


bladder about the ſucker, and pouring oil into the barrel, made the inf, 
ment ſtanch, whilſt the ſucker mov'd without much difficulty; we thnj 
this to the bottom of the barrel to exclude the air; and having laid af 
the ſlender. pipe of the ſyringe, we carefully ſtopt the orifice to which th 
pipe, in theſe inſtruments, is uſually ſcrew'd; then drawing up the je. 
ker, we let it go, to judge, by the violence with which it would be drin 
back again, whether the ſyringe were fit for our purpoſe ; and finding 
to be ſo, we faſten'd a ponderous piece of iron to keep it down; and tha 
fixing to the handle of the rammer one end of a. ſtring, whoſe other el 
was ty'd to the turn-key, we convey'd this ſyringe, and the weight be 
longing to it, into a receiver; and having pump'd out the air, we begy 
to turn the key, thereby to ſhorten the ſtring that ty'd the handle of th 
ſyringe to it, and found no reſiſtance in. drawing up the ſucker from the 
bottom of the cylinder. # 

And repeating the experiment with the like ſucceſs, when the receive 
being exhauſted, we had drawn up the ſucker, almoſt to the top of th 
barrel by a weak ſtring, we kept the parts of the ſyringe in that poſtur 
till a paſſage was open'd to the outward air; upon which the ſuckeryu 
ſo forcibly depreſs' d, that it broke the ſtring, and was violently dr 
back to the lower part of the barrel; tho' the ſtring had ſuſtain'd be 
tween 4 and 5 pound weight, and broke long, before all the air, that 
flow*d in to fill the receiver, had found entrance. 

Again, we took the ſame ſyringe, and having found it tight enough 
for our purpoſe, we carefully clos'd the vent with a cork and cement, and 
the. rammer of the ſyringe, by a ſtring, in a large receiver; and cauling 
appearance of change in the ſyringe 3. but cauſing the pumping to be «at 
tinu'd, I perceiv'd, within 2 or 3 exſuctions more, the cylinder began 
be drawn very flowly down, by the weight hanging at it; and likewi 
try'd, that, zuſt,upon:a freſh exſuction, the deſcent would be manileli 
accelerated. And when we had ſuffer'd the barrel and weight to fl 
down as far as we thought fit, we let in the external air, which rais'd die 


both again much faſter than they had ſubſided. u GOT 6 And 
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And, ſubſtituting a far heavier weight for the former, the depreſſion Pu rie, 
of the barrel of the ſyringe ſucceeded for two or three times, ſucceſſive- 

ly, much ſooner than before. 

= 23. Having cemented up the hole at the bottom of the ſyringe, we ty'd & fringe cau- 
to the barrel a hollow piece of iron, that ſerved for a ſcale; into which we ng the pre/- 
E put weights, ſucceſſively, to try if, when the ſucker was forcibly drawn /* : l 
3 up, and held ſteddily, in its higheſt ſtation, the weight, faſten'd to the federable 
barrel, which was held down whilſt the ſucker was drawn up, and, after- weighr. 

W wards, let go, would be conſiderably rais' d. And, when we perceiv'd, Fg 52: 
chat the addition of half a pound, or a pound, more, would make the 
weight too great to be ſo rais*d ; we forbore to put in that increaſe of 
@ weight: and, having ty'd the handle of the rammer to the key, we con- 
vey'd the ſyringe, together with its clog, into a receiver; out of which, a 
convenient quantity of air being pump'd, we were, thereby, eaſily en- 
abled to draw up the ſucker, without the cylinder: after which, having 
let in the air, ſo that the weight was rais'd a little, I cauſed two pound to 
be taken out; and then the receiver, being ſomewhat exhauſted, and the 
Nair admitted; the clog, which amounted to about ſixteen pound, was 
ſwiftly rais'd, and, as it were, ſnatch'd up from the middle, to the up- 


ver part of the rammer. 

bt 34. We took a ſmall receiver, ſhaped like a pear; cut off, horizontal- The aſcent of 
y, at both ends; we, alſo, took the ſyringe, formerly mention'd; and ha- 4 in - 
ing cemented thereto, inſtead of its own braſs- pipe, a ſmall pipe of glaſs, 6 the pra 
at bout half a foot in length, we put this ſyringe in at the narrow end of of the air. 


e receiver; to whoſe orifice was, afterwards, carefully cemented the 
Praſs cap, with the key, whereto we ty*d the handle of the rammer: then, Fig. 53. 
Having conveniently placed, upon the engine, a very ſhort thick conical 
Flaſs, containing a ſufficient quantity of quick- ſilver; we ſet the receiver 
Nover it, ſo that the lower end of the pipe of the ſyringe reach'd almoſt to 
e bottom of this glaſs ; and, conſequently, was immers'd far beneath 
We ſurface of the quick-ſilver :* when, all things being prepared, the 
Ir was pump'd out of the receiver, and, conſequently, out of the lit- 
We glaſs that held the mercury; the ſucker being warily drawn up; 


ough We could not ſee the quickſilver aſcend to follow it: but the air being let 
i, newly into the receiver, the mercury was quickly impell'd up to the top 
ended BF che glaſs-pipe. | . "my 
auſing And, for farther ſatisfaction, when the experiment was repeated, we 
ng a ainly obſerv'd, that tho', when the receiver being not yet exhauſt- 
be c, the ſucker was drawn up but one inch, the mercury would be rais'd 
cgan che upper part of the glaſs- pipe of the ſyringe; yet, after the exhauſt. 
enges of the receiver, tho the ſucker was drawn up twice as high, there 
mise peared no aſcent of the mercury in the pipe. e 

dero confirm this experiment, we caus'd the ſyringe to be ty*d faſt to a 


nderous body, that might keep the cylinder unmov'd, when the ſucker 
ould be drawn up; we alſo cemented to the vent, or ſcrew, at the bot- 
m of the ſyringe, a pipe of glaſs, about two inches long; and, having 
placed 
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N 1 placed the heavy body upon a pedeſtal of a convenient height, that the 


depends upon 


height, but could not perceive the pipe to be fill'd with any ſucceeiiy 
impell'd to the very top of the pipe and concluded, from the Quantity 
periment alſo we ſucceſsfully try*d, with tinged ſpirit of wine. Hence 


neither the ſtopping of the pipe would hinder the eaſy drawing up d 
the ſucker ; nor the drawing up the ſucker, tho? the pipe were not ſtoppd 


The ad heſion of 
eupping-glaſſes 
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laſs-pipe might be all ſeen beneath it; and a very low via E 2nd 
Fil adh quick- ſilver, might be ſo placed underneath the 88 press 
the ſtagnant mercury reach'd far above the immers'd orifice of te ein 
ſaid pipe: when things being thus provided, and the handle of the nn. ouch 
mer ty'd to the key, belonging to the braſs- cover of the receiver, f Wdcrate 


veſſel was cemented to the engine, and exhauſted. Neeſted 
We then look*d upon the glaſs· pipe above-mention'd, and, being ae yhenc 
to ſee thro* it, we, by the ſtring, drew up the ſucker to a con ſiderab = 


mercury; but, warily letting in ſome air, we quickly ſaw the mercur / he 
ed, Wa 
Pery cle 
Repe 
fore, 
her wi 
laſs to 


rais'd, that ſome was alſo driven into the cavity of the cylinder. This g. 
appears, that if a ſyringe were dmade uſe of above the atmoſphere, 
raiſe, by ſuction, the liquor wherein the pipe was immers'd. 


35. We took a glaſs, about an inch and half in diameter, but mug 
longer than an ordinary cupping-glaſs of that breadth ; we alſo provide 


the preſſure of à receiver, ſhaped like a pear, and open at both ends, at the ſha WI >. 


Ihe air. 


whereof, there was a {mall orifice; but, at the obtuſer, a ſhort nech. 


Eg. 54 wide enongh to admit the cupping-glaſs, without touching the ſides of 
The ſmaller orifice of the receiver being cemented to the engine, I can 
the cupping-glaſs to be well faſten'd, with the mouth upwards, tothe Jy 
palm of a perſon's hand; then caus'd him to put it into the receiver rpoſe! 
and lay his hand ſo upon the orifice, that it might ſerve for a cover to i, 7 ws 
and hinder any air from getting in between them: but, upon the firſt ſuck . 
the cupping - glaſs fell off; the weight of the atmoſphere preſſing ſo ſtrong upper 
ly upon the perſon's hand, that he complain'd, he could very hardly de cher in 
it from the glaſs, into which it was almoſt thruſt. We repeated the er. MArical.“ 
periment, Sitening the cupping-glaſs more ſtrongly than before; the . Wien eacl 
mour occaſion*d whereby, was very viſible: but now alſo, as before, at appear 
the very firſt turning of the ſtop- cock, to let the air out of the receiver, in the f 

STEW weight The cupping-glaſs fell off. es, mad 


raid by a cup- 


ping-glaſs 
without heat. 


Fig. 55 


36. We took the braſs-ring, formerly mention'd, and cover'd it viths 
wet bladder, which was ſo ty'd on, that the bottom of the bladder cover' 
the upper orifice of the ring, and lay ſtretch'd upon it whilſt the neck d 


- K 


n after 
inſtrun 
„in thro? 
the bladder was ty'd with a ſtring, near the middle of the lower ori „ the 
of the ring; and, in this lower part of the bladder, we made two or ght; as 
ſmall holes, for the air to paſs in and out at: then having placed, at ere, th 
bottom of our capp'd receiver, a thick piece of wood, perforated to Mabiy dep 
ceive the neck of the bladder; we placed the cover*d ring upon this iment ra 
of wood, ſo that the upper part of the bladder lay parallel to the horte apply 
then we ſuſpended, at the key belonging to the cap of our rece!v ld get o 
blind glaſs-head, inſtead of a cupping-glafs, which name it may ber 
| I 
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ind to the upper part of this glaſs, we faſten'd a large ring of metal tob naar tes 
breſs it againſt the bladder. The receiver being now cemented on to the 
z engine, we, by the help of the key, letdown the cupping-glaſs till it almoſt 
couch'd the level ſuperficies of the bladder; and when the receiver was mo- 
derately exhauſted, we let down the cupping-glaſs a little lower, fo that it 
Brefted upon the bladder, and touch'd it with all the parts of its orifice 
Wwhence the cupping-glaſs with its. ſubjacent bladder was become an inter- 
Wil receiver wherein the air was conſiderably expanded. Then we warily 
et the air into the receiver, and thereby the air that ſurrounded the cup- 
ping -glaſs or internal receiver, having now a ſtronger preſſure than that in 
e cupping- glaſs could reſiſt, the bladder on which the cupping-glaſs reſt- 
d, was conſiderably thruſt into the cavity of the glaſs, and made to ſtick. 
er cloſe to the orifice of it. 
Repeating the experiment, and exhauſting the receiver further than Fig. 56. 
fore, we took out the cupping-glaſs and the bladder, which, toge- 
Mer with the included braſs-ring was hanging at it; and having ty'd the 
laſs to the hook of a ſtatera, and a large ſcale to the neck of the bladder, 
Fe put weights, by degrees, into the ſcale, till we thusforced off the blad- 
r from the glaſs; which hapned not till the weight amounted to thirty- 
ve pound, 
37. We caus'd a pair of bellows to be made different from ordinary ones, Bellows, with 
eir boards being circular, without handles, and withoutclack or valve, the the noſeſtop d, 
pſe but an inch long, to be lengthned, if occaſion required, with a pipe, and 997 & !em- 
out ſix inches in diameter, theleather being limber; ſo that hen the deli es 
s were open'd to their full extent, by drawing upthe upper baſis at a button —＋ talen 
rpoſely made in the midſt of it, they reſembled a cy linder 16 or 18 inches . 
h; but there was ſome little and unperceiv'd leak in them, whereat air had Fg. 5: 
age, when the noſe was accurately ſtopp'd; however, if we drew up 
upper baſis from the lower, the external air would, on all ſides, preſs the 
ther inward, and render the ſhape of the inſtrument very far from cy- 
Arical. Then — ſtopping the noſe, after we had brought the baſes to 
ch each other, and conveying the inſtrument into a large receiver, it quick- 
appear d, when the pump was ſet on work, that, at every exſuction, the 
in the folds of the leather, and the reſt of the little cavity left between the 
es, made the upper of them manifeſtly riſe; tho? its own weight would 
n after depreſs it again, either by driving out ſome of the air, where 
inſtrument was not ſufficiently right, or by making it, as it were, 
ain thro* the leather itſelf: and if the pump were ply'd faſter than ordi- 
y, the upper part of the bellows would be ſoon rais'd to a conſiderable 
ght; as appear'd more evidently, if we haſtily let in the external air, 
ereby the baſes would be clapt together, and the upper of them conſi- 
ably depreſsd; ſo that the imperfection of the bellows render'd the ex- 
ment rather more than leſs concluſive: for ſince there was no external 
e apply*d to open them, if, notwithſtanding ſome of the included air 
d get out, the ſpring of the internal air was ſtrong enough to ones 
E270 
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purvnaries the bellows, when the ambient air was withdrawn, much more 


the effect have been produced, if the bellows had been perfectly * mad 
1 a a anch. ing 1 
An attempt to 38. Since, if there be ſuch a thing as a celeſtial matter, or æther, i muf % & 
examine the compoſe far the greateſt part of the univerſe known to us; it deſerye; , " u 
A f be enquir'd, whether we can, by ſenſible experiments, diſcover its etl. _ c 
2 — ſtence, or qualities. To this end I thought our pneumatical engine nig i W 
contribute, if I could manage therein ſuch a pair of bellows as! deſignd; bens 
for 1-propoſed to faſten a convenient weight to the upper baſis, and ly won 
the lower with another, able to keep it horizontal, and immoveable, 6 o 7 
that when, by the help of the turn-key, the upper baſis ſhould be ran prody 
its full height, the cavity of the bellows might be brought to its fuld. To 
menſions. This done, I intended to exhauſt the receiver, and, conſequat. bladd 
ly, the bellows thus open'd ; fo that both the receiver, and they, mighty, WIE pint, 
carefully freed from air: after which, I purpos'd to let go the upper bas more 
of the bellows, that being haſtily depreſs'd by the incumbent weight, ; made 
might ſuddenly fall down to the lower; and by thus greatly leſſengz neck o 
the cavity, expel thence the matter, if any there were, before cn. weigh 
tain'd in it; and that, if it could, by this way be done, at the hole of ; blown 
lender pipe, faſten'd either near the bottom of the bellows, or in the : board, 
per baſis, againſt, or over the orifice of which pipe, there might be the fea 
ced, at a convenient diſtance, either a feather, or the ſail of a little wind. Vas we 
mill, made of ſome other light body, fit to be put into motion by the hat in 
impulſe ef any matter which ſhould be forced out of the pipe. und yet 
Now, af by this means, notwithſtanding the abſence of the air, it ſhoull Wpear'd 
appear, that a ſtream of other matter, able to ſet viſible bodies in . pring 
tion, ſhould iſſue out at the pipe of the compreſs'd bellows, it would av Me did, 
appear, that there may be, plentifully, found a much ſubtiler body than he upp 
common air, in places deſerted by ſuch air: and that it is not ſafe to . pon it; 
clude, from the abſence of the air, in our receivers, and the upper pf {ever v 
the Torricellian tube, that there is no body, but an abſolute vacuity, but Need fr, 
if, on the other fide, there ſhould appear no motion ag all to be produc'd, Muttinę 
ſo much as in the feather, it ſhould ſeem, that either the cavity of the be- per b 
lows was abſolutely empty; or that it would be very difficult to prove, War whe 
by any ſenſible experiment, that it was full. And if, by any otter means, Me upp. 
it be demonſtrable, that it was repleniſh'd with ether, we might ſuppoſe, NRreſs' d, 
from our experiment, that*tis not eaſy to make it ſenſible by mechanical ex- ne wn th 
periments; and that tis really ſo ſubtile, and yielding a matter, as does; 
either eaſily impel light bodies, or ſenſibly reſiſt, like air, the mot e little 
of other bodies thro? it; but is able, freely, to paſs the pores of wood, l ſhakin 
ther and cloſer ſubſtances, which the air, in its natural ſtate, doth not. Pper ba; 
Fig. $8. And, to make the trial more accurate, I caus'd a ſmall pair of bellows tout not te 
made with a bladder; and that this might remain entire, we glued the nd, for 
baſes, the one to the bottom, and the other to the oppoſite part there ver; b 
ſo that the neck came out at a hole, purpoſely made for it, into the uf cident, 
per baſis ; whence, into the neck, it was eaſy to fix what pipe we judg { ms 
| e 


fit, We had, alſo, thoughts of procuring another pair of tight ben 


ma Vor. 
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ing up the other baſis, when the receiver and bellows were very carefully 
exhauſted, we might ſee whether the ſubtile matter that was expell'd by 
the upper baſis, in its aſcent, would, according to the modern doctrine of 
che circle, made by moving bodies, be impell'd up, of not. 

We likewiſe, thought of placing the little pipe of the bladder-bellows, 
beneath the ſurface of water, exquiſitely freed from air, to fee whether, 
upon the depreſſion of them, by the incumbent weight, when the receiver 
was carefully exhauſted, there would be any thing expell'd at the pipe, 
productive of bubbles in the liquor, wherein its orifice was immers'd. 
= To bring our conjectures to a trial, we put into a capp'd receiver, the 
bladder, accommodated as already mentioned, containing between half 4 
pint, anda pint 3 and to depreſs the upper baſis of theſe little bellows the 
more eaſily, and uniformly, we cover'd the round piece of paſt-board, that 
made the upper baſis, with a pewter plate; a hole being made in it for the 

neck of the bladder: which upon trial, prov'd not ponderous enough without 
weight of lead. And to fecure the feather above-mentioned, from being 
blovn aſide, we made it to move in a perpendicular lit in a piece of paſt- 
board, faſten'd to one part of the upper baſis ; as that whereto we glued 
che feather, was to another part. Things being thus provided, the pump 
vas work*'d ; and as the ambient air was, from time to time, withdrawn, 
hat in the bladder expanded itſelf fo as to lift up the metalline weight, 
und yet, in part, to ſally out at the little glaſs pipe of our bellows ; as ap- 
Pear'd by its blowing up the feather, and keeping it ſuſpended, till tt 
pring of the air in the bladder was too far weakned. In the mean time, 
e did, now and then, hy the help of a ſtring faſtned to the turn-key, and 
the upper baſis of the bellows, let down the baſis a little, to obſerve how, 
pon its ſinking, the blaſt, againſt the feather, would decreaſe, as the re- 


— 


ro Iver was further exhauſted. And when we judg'd it to be ſufficiently 
zu Need from air, we let down the weight, but could not perceive that, by 
ved, Putting the bellows, the feather was at all blown up as before; tho' the 
e bel- pper baſis were more than uſually depreſs'd. And yet it's ſome what odd, 
ove, Nat when, in order to a further trial, the weight was drawn up again; as 
enns, e upper baſis roſe from the lower, the ſides of the bladder were ſenſibly 
poſe, reſs'd, or drawn inwards. The bellows being thus open'd, we let 
cal ex-Wown the upper baſis again, but could not perceive that any blaſt was pro- 
es c; for though the feather, which lay juſt over, and near the orifice of 
notion P's little glaſs pipe, had ſome motion, yet this ſeem'd plainly to be but 
od, k. ſhaking, and almoſt vibrating motion, whereinto it was put by the 
\0t, pper baſis, which the ſtring kept from a ſmooth and uniform deſcent : 
s tober not to proceed from any blaſt, iſſuing out of the cavity of the bladder. 
the und, for further ſatisfaction, we cauſed ſome air to be let into the re- 
here 'v<r 3 becauſe there was a poſſibility that the fender pipe might, by ſome 
the vw reident, be choaked: but tho', upon the return of the air into the recei- 
e ag the baſes of the bellows, were preſs'd cloſer together, yet it ſeem'd 


bello 


a gat ſome little air got thro? the pipe, into the cavity of the bladder; for 
m „ 


Vor. II. Txt when 


made with a very little clack in the lower baſis z that, by haſtily draw. Paus 
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paszuaries when we began again to withdraw the air that was let into the recejy,, 
cke bladder began to ſwell again, and, upon letting down the weight, t 
blow up, and ſuſtain the feather, as happen'd before the receiver had hee, 
ſo well exhauſted. . 

39. I caus'd a crooked pipe to be made for the ſyringe, formerly me, 
tion'd, inſtead of its ſtrait one, whoſe ſhorter leg was parallel to the Ion. 
Fig. 59. ger. And this pipe, after being ſcrew'd on carefully, was cemented to ti 
barrel; and becauſe the braſs-pipe could ſcarce be made ſmall enough, 
we cauſed a fhort and flender pipe of glaſs, to be put into the orifice 9 
the ſhorter leg, and carefully faſten*d to it with cement. Then the ſucks 
being made to goſmooth, without leſſening the ſtaunchneſs of the ſyringe, 
there was faſten'd to the handle of the rammer, a weight made in the 
form ofa ring, or hoop z which, by reaſon of its figure, might be ſuſpend 
from the handle of the rammer, and hang looſe on the outſide of the y. 
linder, and which, both by its figure and weight, might eaſily, and ſwiſth 
depreſs the ſucker, when drawn up. The ſyringe, thus furniſh'd, wx 
fallend to a broad, heavy pedeſtal, to keep it in its vertical poſture, andy 
hinder it from tottering, notwithſtanding the weight that clogg'd it. Bete 
all this, we took a feather, about two inches long, of which there was lx 
the end, a part about the breadth of a man's thumb- nail, to cover the oni 
of the ſlender glaſs pipe of the ſyringe; for which purpoſe, the other e 
mity of it was ſo faſten'd, with cement, to the lower part of the ſyring 
that the broad end of the feather ſtood juſt over the little orifice of the 
glaſs, at ſuch a convenient diſtance, that when the ſucker was a lik 
drawn up, and let go again, the weight would depreſs it faſt enough i 
blow up the broad part of the feather. The handle of the rammer, beng 
now ty'd to the turn- key of a capp'd receiver, the ſyringe, and its. 
deſtal, were incloſed in a capacious receiver; and the pump, being {eta 
work, we, after ſome quantity of air was drawn out, rais'd the ſucker 
little, by the help of the turn-key : and, then, turning the ſame key ts 
contrary way, we ſuffer*d the weight to depreſs the ſucker, to ſee how 
the feather would be blown up; and, finding that it was impel ld, forcibly, 
we continued to pump, by pauſes ; during each of which, we nid and 
depreſs'd the ſucker, as before; and obſerv'd, that as the frecher wa 
gradually exhauſted of air, the feather was leſs briſkly driven up, ul 
at length, when the receiver was well empty*d, the uſual elevations and 
depreflions of the ſucker would not blow it up at all, tho? they werels 
more frequently repeated than before. : 

After we had long tried, in vain, to raiſe the feather, ſome air vas | 
into the receiver; and tho', when but very little air was admitted, 
motions of the ſucker had ſcarce any ſenſible effect upon the feather ; | 
when the quantity began to be conſiderable, the feather began! 
move a little upwards ; and ſo letting in air, not all at once, but ſucceſin 
ly, and moving the ſucker up and down, in the intervals of thoſe Un 
of admiſſion ; we obſerv'd, that as the receiver contain'd more al, K 
feather was more briſkly blown up. ” 
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exhauſted, and proſecuted the experiment with the like ſucceſs ; only 
having, after the receiver was exhauſted, drawn up, and let fall the 
ſucker, ſeveral times, ineffectually; having, hitherto, not, uſually, rais'd 
it by more than one turn of the hand; we now uſed an inſtrument 
chat was tolerably long, and fit to take hold of the turn-key, ſo that we 
could eaſily raiſe the ſucker between two and three inches at a time, 
1 and ſuddenly depreſs it again: yet for all this, which would much have 
Wincreas'd the blaſt, if there had been a matter fit for it in the cavity of the 
ſyringe, we could not, ſenſibly, blow up the feather, till we had let a 
little air into the receiver. But, now, inſtead of the braſs- pipe, hitherto 


Ht had, for a while, run parallel to the other, being bent off fo, that above 
un inch and a half of it tended downwards; whereby the orifice of it might 
be immers'd in the water contain'd in a ſmall open jar. The deſign of this 
Exontrivance was, that when the receiver ſhould be well exhauſted, we 
night try whether, by raiſing and depreſſing of the ſucker, any ſuch mat- 
er would be driven out at the noſe of the pipe, as would produce bubbles 

n the incumbent water; which, air, tho? highly rarify'd, is capable of doing. 
The only particulars, wherein this experiment differ'd from the former, 
ere theſe. As the air was here pump'd out of the receiver; that in the 
laſs· pipe made its way thro? the water, in bubbles. And a little air 


raving once, by a ſmall leak, got in, and forc'd ſome of the water out 
i: f the jar into the pipe; when the receiver was again well empty*d, both 
| th at water, and the little ſtagnant quantity contain'd in the immers'd part 
xi; WS the pipe, produced ſo many bubbles, of ſeveral ſizes, as quite diſturb'd 
$ pe r obſervations. Wherefore, we let alone the receiver, exhauſted as it 


as, for ſix or ſeven hours, that the water might free itſelf from air ; and 
en cauſing what air might have ſtolen in, to be again pump'd out, till 
> percelv*d, by the gage, that the receiver was well exhauſted, we caus'd 
ſucker of the ſyringe to be rais'd and depreſs'd ſeveral times; and tho? 
En then, a bubble would, now and then, diſturb our obſervations, yet, 
| and Wen we were not thus confounded, we ſometimes obſerv'd, that the ele- 
tion and fall of the ſucker, tho” repeated, did not drive out at the pipe, 
thing that made diſcernible bubbles in the incumbent water : for tho? 
e ſmall bubbles would rarely appear on the ſurface of the water, yet l 
d not perceive, that the matter which made them, iſſued out of the pipez 
u ſome of them manifeſtly proceeded from aerial particles, ſtill lurking 
the water, as I concluded from the place and time of their riſing. But, at 
gth, we obſerv'd, the water, in the immers'd part of the pipe, which 
s very ſlender, to be about an inch higher than the reſt of the ſtagnant 
ter, and to continue at that height in the pipe, tho? the ſucker were, ſe- 
al times together, rais'd and depreſsd, between two and three inches at 
e; Which ſeem'd to argue, that there was a vacuum in the cavity ofthe 
inge: or if it were full of æther, this was ſo ſubtile, that the impulſe it 
vd from the falling ſucker, would not make it diſplace that very ſlen- 
thread of water in the ſmall pipe; though it appear'd by the bubbles, 
Ttt2 which 


But, not content with a ſingle trial, we caus'd the receiver to be again Oo 2 


gemploy'd, we cemented one of glaſs to the ſyringe; its ſhorter leg, after Eg. 60. 
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that into its cavity it might receꝭve the lower end of the turn· key, to which P*zymaries 
'wasto befaſten'd by a flender peg of braſs, thruſt thro? ewo correſpondent 
holes, the one made in the turh-key, and the other in the ſocket of the axle- 
tree. There were alſo ſeveral horizontal perforations made in the pillar itfelf 
to which this axis belong'd 3 which pillar we call the vertical cylinder. The 
general uſe of this contrivance, is, that the end of the turn-key being put 
nn to the ſocket, and the loweraxis of the vertical cylinder into the trencher; 
by the motion of the key, a body faften'd at one of the holes to the cylinder 
R may be brought to, or remov'd from, or made to ſtrike againſt another 
body, faſten'd, in a convenient poſture, to the upper part of the trencher. 
We caus'd then a hand- bell without its handle and clapper, to be fo faſten*d 
toa ſtrong wire, that ane end of the wire being fixed in the trencher, the 
other, which was bent downwards, took hold of the bell. In another 
hole, made in the circumference of the ſame trencher, was wedg'd a fteel 
W ſpring, to the upper part whereof was wedg' d a gad of ſteel leſs than an inch 
long, but conſiderably thick; the length of this ſpring made the upper 
part of the hammer, or piece of ſteel, of the ſame height with the bell; and 
the diſtance of the ſpring from the bell was ſuch, that when forc'd back 
the other way, it might, at its return make the hammer ſtrike briſkly up- 
Jon the — of the bell. The trencher being thus furniſh'd and plac'd in 
a capp'd receiver, the air was diligently pump'd out, and then, by the help 
Fof the turn-key, the vertical cylinder was made to go round, by which 
eans, as often as one of the two {tiff wires, or ſmall pegs, that were faſten'd 
at right angles into holes made near the bottom of the cylinder, pafs'd by 
the ſpring, they forcibly bent it in their paſſage from the bell, fo that as 
oon as the wire was gone by, and the ſpring ceas'd to be preſs'd, it would 
ly back with violence enough to make the hammer givea ſmart ſtroke up- 
pn the bell. And, by this means, we could both continue the experiment 
t diſcretion, and make the percuMions more equally ſtrong than it would 
cherwiſe have been eaſy to do. 
Now, when the receiver was well emptied, it ſometimes appear'd 
oubtful whether any ſound was produc'd or no; but to me, for the moſt 
' rt, it ſeem'd, that, after great attention, I heard a very faint and lan- 
Wuid ſound, and yet methought it had ſome ſhrilneſs in it, and ſeem'd to 
pme from atar. But letting in the air, at competent intervals, it was ea- 
to obſerve, that the vertical cylinder being ſtill made to go round, when 
little air was let in, the ſtroke of the hammer upon the bell became very 
udible : when more air was admitted, the ſound grew greater, and ſo 
creaſed till the receiver was again repleniſh'd with air; tho), even then, 
e ſound was obferv*d to be much leſs than when the receiver did not in- 
rpole between the bell and the ear. | 
We now, alſo, ſufpended inthe receiver a watch with a good alarum ; and 
make this experiment the more accurate, we employ'd a receiver that 
dnlilted of but one piece of glaſs furniſh'd on the inſide with a glafs knob or 
tion, to which a ſtring might be ty'd: we alfo hung the watch, not 
its Chain, but by a very flender thread, whoſe upper end was faſten*d to 
eglaſs button. Then the air being carefully pump'd our, we filently expect- 
ed 
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Futur ies ed the ringing of the alarum; but hearing no noiſe ſo ſoon as we ex 
it might have been doubted, whether the watch continued going, 
had not contriv'd a way to diſcern its motion: wherefore I deſired a gen. 
tleman to hold his ear exactly over the button, at which the watch was ful 
pended, and very near to the receiver; who told us, that he could juſt pe. 

| ceive ſomething of a ſound, which ſeem'd to come from far; tho, neithe 
| we, who liſten'd very attentively near other parts of the receiver, nor he 

if his ears were no more advantageouſly plac'd, were ſatisfied, that w 

heard the watch at all. Then letting in ſome air, we did, with attention, 
begin to hear the alarum, whoſe ſound was odd; and by returning the 
itop-cock,to keep any more air from entering, we kept the ſound thus [oy 
for a conſiderable time; after which, a little more air, that was permitted 
to enter, made it become moreaudible ; and when the air was yet more free 
ly admitted, we could plainly hear the alarum at a conſiderable diſtang 
from the receiver *. 
Aglaſi drop 42. The blunter part of a glaſs-drop being faſten*d to a ſtable body, 
grobe tn an e- and convey'd into the receiver, and the crooked ſtem being ty'd to oneend 
_— cel of a ſtring, whoſe other end was faſten*d to the turn-key, we carefully 
: pump'd out the air; when the ſtem, by ſhortning the ſtring, beingbry- 
ken off, the glaſs-drop was ſhatter*d into a thouſand pieces. 

This experiment was, afterwards, repeated with the like ſucceſs; and 
having, at that time, no gage to try how far the air had been drawn out, 
we let the external air impel up the water out of the pump inro the recei 
ver, and thereby found, that the veſſel had been well exhauſted, 

Is 43. Knowing, that hard ſugar, being briſkly ſcraped with a knife, affords 
. produced a ſparkling light; ſo that pne would ſometimes think ſparks of fire fes 
e exhauſt. . g ; 
ed receiver. from it; we caus'd a lump of hard loaf-ſugar to be conveniently, and 
Fig. 62. firmly plac'd in the cavity of our capp'd receiver; and to the vertical c- 
linder, formerly mentioned, we faſten'd ſome pieces of a ſteel-ſpring 
which, being but thin, might, in their paſſage along the ſugar, grate or rub 
forcibly againſt it; and, then the receiver being well exhauſted, in thenight- 
time, and in a dark room, the vertical cylinder was made, for a pretty while 
to move round, by help of the turn-key. Thus the irons that came out of 
the vertical cylinder, making, in their paſſage, vigorous impreſſions up- 
on the ſugar, that ſtood in their way, there were manifeſtly produced ma- 
ny little flaſhes ; and ſometimes too, tho? not frequently, there ſeem'd to 


— 
If we 


be ſtruck off ſmall ſparks of fire . 44. We 
That ſound cannot be propagated | From ſome other experiments of the 
thro' a vacuum, appears more fully from ſame perſon, 'tis alſo evident, that ſound 
an experiment of the late Mr. Hauksbee, are as well augmented in condenſed _ 
who included a large bell in a receiver as diminiſh'd in that, which is rarifed. 
full of common air, and cover'd them both See his Phyfco-mechan. Experiments. p. 129» 
with another glaſs, out of which, the air 134. 

being extracted, tho' ſound was actually ; , 
produced in the innermoſt, it could not + From a variety of experiments, den 
be heard by the by-ſlanders. Phi/o/. Tran /. ting to the attrition of bodies 1 varus 


No. 321. p. 367. | made by the late Mr. Haulibee, it en 
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44. We took a large inverted cucurbit for a receiver, made very clear P 
| wiping, and obſerv'd, that when the 2 began to be work d, if a %% . 
rge candle were held on the other ſide of the glaſs, upon turning the So ES 
ck to let the air out of the receiver into the cylinder, the glaſs would produced in the 
m to be full of fumes, and a kind of halo appear about the flame of the exhaufed re. 
"dle; and this, at firſt, was commonly between a blue and a green, but“ 

ter ſome ſucks, turn'd of a reddiſh or orange colour, both very vivid. 

he phenomenon, in my opinion, proceeded from hence, that the cement 

ing ſomewhat ſoft, and abounding with turpentine, and having a hot 

dn apply'd to it, whereby it was both ſoften'd and heated, it ſeems ratio- 

to expect, that, upon withdrawing the air in the receiver, the aerial 

rticles in the cement freed from their former preſſure, would extricate 

amfelves, and with the looſer ſteams of the turpentine, and perhaps of 

bees - wax, expand themſelves, with a kind of exploſion, in the receiver; 

by their interpoſition between the light and the eye, exhibit thoſe de- 

thtful colours we have ſeen. And, I afterwards found, that I could 

ainly perceive the colouring ſteams, juſt upon turning the ſtop-cock, to 

up from the cement towards the top of the glaſs; and, if we continued 

mping, the receiver would grow clearer, and the colours more dilute, 

Mbly becauſe the aerial and volatile particles of the upper part of the ce- 

nt did, in that time, ſpend themſelves; and alſo, becauſe the agitation 

y receiv*d, from the heat communicated by the iron, continually de- 
7d. Beſides, when the receiver is more exhauſted, the want of air makes 
nore difficult for ſteams to float, and be ſupported in it. | 
But, for a farther confirmation, I caus'd ſome cement to be put into a 

I] crucible, warm enough to melt it; and conveying this into a clear re- 

ver, I caus'd the pump to be work' d: upon which, it manifeſtly ap- 

rd, that opening the ſtop-cock, to Jet out the air, the ſteams would 
diouſly be thrown about from the crucible into the capacity of the recei- 

z and, after having play'd there a little, fall down again. But, in 
e phenomena, the vividneſs, and ſometimes the kind of the exhibited 

urs ſeem'd much to depend on circumſtances, ſuch as the degrees of 
t, the magnitude and ſhape of the receiver, the quantity of air that re- 

n*d therein, and the nature of the cement itſelf. 

5. Croſs the ſtable trencher, formerly mention'd, we faſten'd a ſtrong Hear produces 
ng of ſtee], ＋ almoſt like the lathe of acroſs- bow; and tothe midit 4 attrition in 

is ſpring was ſtrongly fix d on the outſide a round piece of braſs, hol. '** ι he. 
d almoſt like a concave burning. glaſs. To this piece of braſs, which 

thin, and about two inches in diameter, we fitted a convex piece of the Fig. 63. 

e meta], almoſt like a gage for a tool to grind glaſſes in, which had be- 


different ſorts of bodies afford lights by attrition, be brought to yield no more 

V differing in colour, force, and vi- thereof; and that a confiderable light is 

that the effects of attrition vary with producible, by the attrition of glaſs on 

lifferent preparation and management glaſs, both ix vacuo, in common air, and 

e bodies which ſuſtain it: that bodies, even in water. Hauksbee's Phyſico- mec han. 
have yielded a particular light, may, Exper. p. 40-44. ; 

| I 


longing 
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Pxrowarict longing to it a ſquare handle, whereinto, as into a ſocket, was inſerted 
ſquare piece of wood, proceeding from the baſis of a ſquare wooden vill 
which we made uſe of, on this occaſion, inſtead of our vertica] eylind 
By the help of another piece of wood, coming from the other baſis of th 
fame pillar, the turn-key was join'd to this pillar, and made of ſuch a length 

| a | +. 2 Sch, 
that when the turnkey was forcibly kept down as low as the brafs. che 
it was a part of, would permit, the convex piece of metal juſt deſcrihe 
depreſs'd the concave piece a pretty way, notwithſtanding a vigorout. 
ſiſtance of the ſubjacent ſpring. A little fine powder of emery was alfy put 
between the convex and concave pieces of braſs, to make them fit the by. 
ter, and to facilitate the motion that was to be made; and, to the upper 
part of the turn · key was faften'd a good wimble, without which, we pte 
ſum'd, that the turning of the key would not produce a ſufficient motin 
Things being thus in readineſs, and a mercurial gage convey'd into tit 
receiver, we caus'd the air to be diligently pump'd out, and then ordert 
a ſtrong man to turn the wimble, and to continue to lean a little on it, tht 
he might be ſure to keep the turn-key from being lifted up by the ſpring 
Whilſt the man, with much agility and ſtrength was moving the wind, 
I watch'd the gage, to obſerve, whether the agitation of the ſtop-coc 
and conſequently the engine, did not prejudice the experiment; and fy 
greater caution, I caus'd the pump to be almoſt all the while kept working 
When the man was almoſt out of breath, we let in the air at the cover oft 
receiver, by lifting up the turn-key z and nimbly removing the receive; 
we felt both the pieces of braſs, betwixt which the attrition had been mult 
and found them very ſenſibly warm. 
We afterwards caus'd the man to lay hold of the wimble again, wht, 
by the gage, it appear*d, that the receiver was exhauſted ; ſo that by fur 
ther pumping the quick-filver ſeem'd not to be further depreſs. An, 
in this ſecond trial, when we did, as before, haſtily let in the air, al 
take out the bodies that had been rubb'd againſt one another, they vet 
both of them, eſpecially the uppermoſt, ſo hot, that I could not endut 
to hold my hand on either; and they did, for ſome time, retain a conlit 
able degree of warmth. I alfo caus'd two bodies of wood to be tun, 
for ſize and ſhape like thoſe of braſs, which we had juſt before employ 
the upper of theſe was of hard oak, the other of beech: but, tho the vil! 
ble was ſwiftly turned, as before, by the ſame perſon, the wood ſeem'd nd! 
to me to have manifeſtly acquir'd any warmth ; yet, that there had teh 
a conſiderable attrition, appear*d by the great poliſh, which part 0 
wood had evidently acquired: however, upon repeating the experimen- 
with more obſtinacy than before, the wood, eſpecially the upper piece 6 

1 it, was brought to a warmth unqueſtionably ſenſible. 

Duicklime 46. Into an evaporating glaſs, we put a convenient quantity of water; 
faked inthe and having convey'd it into a receiver, and well drawn out the ail, V* 1 
exhauſied ren down into it, by the turn-key, a large lump of ſtrong lime; and obſerr® 
* not, that, at the firſt emerſion, nor for ſome time after, there appear'd 0 
1 conſiderable number of bubbles; but within about a quarter of an houithe J 


2 bed 
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much violence, and with bubbles wonderfully great, appearing at each 
neu exſuction 3 ſo that the inſide of the receiver, tho large, was at length 
© lined with lime-water 3 and much of the mixture did, from time to. time, 
E overflow the veſſel, a great part whereof was purpoſely left unfill'd; nor 
did any thing, but our wearineſs, put a period to the bubbling of the mix- 
ture, whoſe heat was ſenſible even on the outſide of the receiver, and con- 
tinu'd conſiderably hot, in the evaporating glaſs, for a quarter of an hour 
after the receiver was remov*d. The lime, employ'd this experiment, 
vas of a very good and ſtrong kind, made of hard ſtones, and not of chalk, 
as is that commonly uſed at London, which probably would not have been 
| ſtrong enough to have afforded us the ſame phenomenon. i 
47. To try, by means of our ſyringe, formerly mention'd, what weight 


diameter with the cavity of the barrel, would be able to ſuſtain; we pro- 
vided a ſtable frame, wherein the ſyringe might be kept firm and erect; 
we alſo provided a weight of lead, ſhaped like our braſs ring, formerly 
deſcrib'd, that, by the advantage of its figure, it might be made to han g 
down, by ſtrings, from the top of the handle of the rammer, and ſo preſs 
evenly on all ſides, without rendring the upper part of the inſtrument top- 
heavy. We took care to leave between the bottom of the ſyringe, which 


|, 
k, 
fo 
ng 
* ſucker was, a convenient quantity of air to expand itſelf, and lift up the 
1 W Fcight, when the air external to that included, ſhould be pump'd out 
| pf the receiver. And laſtly, the handle of the rammer, from which the 
* nnular weight depended, was fo faſten'd to the turn-key of the cover 
f the receiver, that the weight might not compreſs the air included in 
he ſyringe, but leave it in its natural ſtate, till the air was withdrawn 
om the receiver, 
By this method the included air would lift up a weight of 7 or 8 
pund ; yet when the rammer came to be clogg'd with a greater, the 
lrument prov'd not fo ſtanch, but that it was eaſier for ſome par- 
les of air to get away between the ſucker and the inſide of the bar- 
I than to raiſe ſo great a weight. But, if an exact ſyringe can be 
ocur'd, this ſeems to be one of the likelieſt, and leaſt exceptiona- 
We ways of meaſuring the force of the air's ſpring, 5g £2 
ut being unable to procure ſuch a ſyringe as I defir*d, I got two hol: 
w cylinders to be turn'd, whoſe ſides were of. a ſufficient thickneſs to re- 
the preſſure of the air to be impriſon'd in them; one an inch in dia- 
ter, and the other two; their depths were alſo unequal, that the one 
bt receive a much larger bladder than the other. With the leſſer of 
le I made a diligent trial, but found it very difficult to prbcure a blad- 
ſmall, and fine enough for the cylinder; and that which we at length 
dcur'd, would not continue ſtanch for many trials; but, after a while, 
ted with a little air in the well exhauſted receiver, when it was clogg*d 
h the utmoſt weight it could ſuſtain ; but whilſt it continu'd ſtanch, 
FO L. I Uuu we 


(ut 
And, 
„ nd 
Vene 
endule 
nlider 
tum d, 
Joys 
je WI 
md nd 
id beet 
t of tit 
erimen 
pieces 


513 


began (the pump continuing to be ply*d from time to time) to ſlake with burg re. 


An attempt 15 


=P cylinder of uncompreſs'd air included in it, and conſequently of the ſame — = 


Spring of in» 


cluded air. 


Fas firmly clos'd with ſtrong cement, and that part of it, where the 


Fig. 64. 
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Purrnaries we made one fair trial with it; from whence we concluded, that: eylh. 


der of air of an inch in diameter, and leſs than 2 inches in length, way, 
viſibly to raiſe a weight of above 10 pound, averdupoize. 

At another time, into a hollow cylinder of wood 4 inches deep, and 
in diameter, furniſh'd with a broad and ſolid body or pedeſtal, we yy, 
lamb's- bladder, very ſtrongly ty'd at the neck; on which we ſet a od. 
en plug, mark*d with ink, where the edge of the cylinder was contigugy 
to it; this plug being loaded with weights, amounting to 35 pound, the 
receiver was exhauſted, till the mark appear'd very manifeſtly above th 
brim of the cylinder; and then, tho? the ſtring was, by turning the key, 
quite ſlacken'd, yet the mark on the plug continu'd very viſible, 4a 
when ſo much air was let into the receiver, as made the weight depreſ th 
plug quite beneath the mark, upon pumping out the air again, the weigh: 
was, without the help of the turn-key, lifted up; and by degrees all tie 
marlOof the plug was rais'd above 3 eighths higher than the edge of the 
cylinder. Wherefore we ſubſtituted for the 7 pound weight, one of 13 
and uſing the fame bladder, we repeated the experiment; only a little ſup 
porting the uppermoſt weight by the turn- key, till the bladder had attain 
its expanſion; and then the weight, being gently let go, depreſs'd not th: 


plug fo low, but that we could yet ſee the mark on it; tho? that part 


An eaſy way 
of making 4 


ſmall quantity 
of included air 


the plug where the mark was, appear'd manifeſtly more depreſs'd thn 
the other. 

48. We took a braſs veſſel, made like a cylinder, and having one fit 
orifices exactly cover'd with a flat plate firmly faſten'd to it, the oth: 
orifice being wide open; the depth of this veſſel was 4 inches, and the di 


raiſe a great meter 3 and 3 quarters. To this hollow cylinder we fitted a wooden plug, 


weight. 


Fig. 65. 


Fig. 66. 


like one of thoſe deſcrib'd in the foregoing experiment; only it was nüt 
quite ſo long, and was furniſh'd with a lip, which we purpoſely mated 
a conſiderable breadth, that it might afford a ſtable baſis ro the wei 
that ſhould reſt, upon it; then taking a middle-fiz'd limber bladde, 
ſtrongly ty'd at the neck, but not near full blown; we preſs'd it, Ute 
help of the plug, into the cylinder, that it might the better fit itſelf ioc 
figure thereof; then taking notice by a mark, how much of the plug vs 
extant above the orifice of the veſſel, we laid the weights upon the lug 
whoſe lip hinder'd it from being depreſs'd too deep into the cavity oc 
veſſel; and having convey'd them into the receiver, we found, that! 


common half-hundred-weight would very ſoon be manifeſtly rais d by ti 
ſpring of the included air. 


In another experiment, the bladder in a cylinder 4 inches broad, bd 
75 pound weight, till the wooden plug diſclos'd the mark deſign'd to * 
the height at which the air kept the plug, before it was compreſs; i 
this viſibly at the fifth exſuction; and at the ſeventh, that mark was fas“ 
above the edge of the cylinder. In the gage, where the mercury, ® 


the open air, uſually ſtood, about an eighth above the uppermoſt _ 
mark, jt was depreſs'd an eighth below the ſecond mark; and after > 
let in the air, it was a pretty while before the weight manifeſtly beg!" 
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4 cylinder being ſupply'd with a ſleeve, or ſome ſuch thing, and the weight 
W 1:id again upon the plug; we found, that at 24 exſuctions the mercury 
vas depreſs'd to the lowelt mark of the gage; and the 34th or 33th ex- 
{tion was made, before the receiver appear'd to be ſo exhauſted, as to 
ſtop the ſinking of the mercury, which was then above one eighth bencat 

the loweſt mark. But having cauſed leaden weights to be purpoſely caſt 
© fat, and as broad as we could conveniently put into the receiver, that, by 
the advantage of this ſhape, we might be able to pile up the more of them, 


E without much danger of their being ſhaken down; we laid ſeveral of them 
cone upon another; and then, the upper part of the receiver growing too 
narrow to admit any more; we added a weight or two, leſs broad; when 


_ exhauſting the receiver, till we perceiv'd by the gage, that the air was 


| 
x 


manifeſtly withdrawn; we found, by the help of a mark, and a pair of 
compaſſes, the plug to be ſo far rais'd, that it was concluded, the eleva- 
tion would have been much greater, if the included air had not found it 
© eaſier to produce ſome leak at the neck of the bladder, than to lift up ſo 
great a weight; which was about 100 pounds averdupoize. : 


: : 


da grain heavier when much of the air was exhauſted, than when it was full 
fafterwards we took out this bubble, and found it to weigh 68 grains and u. 
a half; then breaking off the ſmall tip of it under water, we found, that 
the heat, by which it was ſeal'd up, had rarify'd its included air, ſo that 
Bt admitted 125 grains of water; for the admitted water and glaſs weigh'd 
193 grains and a half. Then filling it full of water, we found it to con- 
tain in all 739 grains; for it weigh'd 807 grains and a half; whence it is 
vident, that the difference between the weight of water and air, was leſs 
han 1228 and 1, We alſo weigh'd in the receiver a bubble, the glaſs 
f which amounted to 60 grains; the air that fill'd it, weigh'd, in 
acuo, 7+ of a grain; the water that fill'd it, weigh'd 720 grains and 
quarter; ſo that by this experiment, the proportion of the weight 
pf water to air, is as 853 23+ to 1, 
But it is ſo deſirable a thing, and may prove of ſuch importance, 
d know the proportion in weight betwixt air and water, that I ſhall 
re mention an attempt I made to diſcover it by another way. 
A ſmall receiver, being exhauſted of air by the engine, and counter- 
Wois'd ; whilſt it continu'd fo, the ſtop-cock was turn'd, and the air 
admitted; which made it weigh 36 grains more than before; and this 
Wppen'd alſo upon repeating the experiment. 
We next took a ſmall glaſs receiver, fitted with a ſtop- cock; and ha- 
W's exhauſted it of the air, counterpoiz'd it, and let in the outward air; 
bund the weight of the veſſel to be increas'd, by that admiſſion, 36 
ns. This done, we took the receiver, after having well counterpoiz'd 
out of the ſcale; and having apply'd it a ſecond time to the engine, 
© once more withdrew the air; and then turning the ſtop-cock, to keep 
Unu 2 out 


2 ſublide. The bladder being taken out, and the place it had poſſeſſed in the tes 


9. We weigh'd a ſeal'd bubble in the receiver, and found it above half 7 e the 
? ä of air 
? fo tha 
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PxeunaTICs out the external air, we took care that none of the cement em lopdt 
Join it to the engine, ſhould ſtick to it; when weighing it again, we fo 
it 35 grains heavier, than when it was laſt counterpoiz'd in the balance 

Then we immers'd the ſtop- cock into a baſon of fair water, and let in, 
liquor, that we might find how much of it would ſucceed in the play of 
the air drawn out. When no more water was impell'd in, we turm te 
ſtop-cock once more, to keep it from falling out; and then weighing i 
in the ſame ſcales, we found the water to be 47 ounces, 3-drams, 6 pryn, 
which divided by 35 grains, the weight of the air, equal in bulk to ti 
water, the quotient 1s nearly 650 grains, for the proportion of weight 
between air and water, of the ſame bulk, at the time when the exper, 
ment was made; the atmoſphere then appearing, by the barometer, 
wherein the mercury ſtood, at 29 inches 3 quarters, to be very heavy, 


Nuo marbles . 50. We took a pair of flat round marbles, each of them two inches, a 
fArongly join'd about 3 quarters in diameter z- and having put a little oil between then, 
together, ſepa-to keep out the air; we hung, at a hook faſten'd to the lowermol, 
rated by with- pound weight, to ſurmount the coheſion which the tenacity of thegi, 


— __ and the imperfect exhauſtion of the receiver might give them; then h. 


ving ſuſpended them in the cavity of a receiver, by a ſtick that lay cn; 
it, and the engine being made ready to work, we ſhook it more ſtrong 
than we concluded it would be by the operation; and beginning to puny 
out the air, we obſerv'd the marbles to continue join'd, till it was fo fr 
drawn out, that we ſuſpected they would not ſeparate. But at the 100 
ſtroke, upon turning the ſtop-cock, which let the air paſs out of ther: 
ceiver into the pump, the ſhaking of the engine being over, the mathls 
ſpontaneouſly fell aſunder; tho' they hung parallel to the horizon, a 
adhered very firmly together when they were put in; and tho' a wegt 
of above 80 pounds, faſten'd to the lowermoſt marble, might be drim 


up, together with the uppermoſt, by virtue of their firm coheſion, 


Zig. 67. But faſtening to the lowermoſt of the two marbles, a weight of 20 
few ounces, and having cemented a capp'd receiver, with the marie i 
it, as before, to the pump; we, by means of a ſtring (whereof on: u 
was ty'd to the bottom of the turn-key, and the other to the uppen 
marble, and paſſing thro” the hook belonging to the braſs cover) and 
turning round the key, drew up the upper marble ; and by reaſon of titi 
coherence, the lowermoſt alſo, together with the weight that hung tl. 
Being thus ſure that the two marbles ſtuck cloſe together, we began! 
pump out the air; and after a while the marbles fell aſunder. 


But having ſo.order'd the matter, that the lower could fall but a lit 
way from the other; we were able, by inclining and ſhaking the ny 
to place them together again; and then letting in the air haſtily, thi b 
its ſpring it might preſs them hard together; we could not only, 9 
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W :nnex'd weight; but were oblig'd to make a much more laborious ex- 
hauſtion of the air, to procure the disjunction of the marbles, this ſecond 
time, than was neceſſary to do it at the firſt, 

And, when the marbles were thus aſunder, and the receiver exhauſted, 
ve did not let in the air, till we made them fall upon one another, as be- 
fore; but the little highly expanded air, that remain'd in the receiver, ha- 
ving not a ſpring near ſtrong enough to preſs them together, we very eaſt- 
ly, by turning the key, rais'd the uppermoſt marble alone, without find- 
Sing it to ſtick to the other. We, therefore, once more join'd the mar- 
bles together, and then letting in the external air, found them afterwards. 
to ſtick ſo cloſe, that a very ſtrong man could not ſeparate them. 


cluded ſulphur would lie upon the iron, whoſe upper part would lie a little 
concave, to contain the flowers, when melted. But all the heat of the iron, 
Fho* it made the paper and ſulphur ſmoke, would not actually kindle either. 
Into a glafs-bubble of a convenient ſize, furniſh'd with a neck for our 


and ſecur'd it againſt the return of the air; we laid it upon burning coals,. 
here the ſulphur did not take fire, but roſe to the oppoſite part of the 


he moſt part, tranſparent like a yellow varniſh. 


ith very little, it would yet ſuffice to kindle the ſulphur, if the air had 
cceſs to it, we made two or three ſeveral trials; and found, that, if ſoon 
Witer the flame was extinguiſh'd, the receiver were remov'd, the ſul- 
Phur would preſently take fire again, and flame as vigorouſly as before. 


But, we ſuſpected, that the agency of the air, in the production of the 
Hame, might be ſomewhat leſs, than theſe trials would perſuade; becauſe, . 
Dy taking off the receiver, the ſulphur was not only expoſed to freſh air, 
Put alſo advantaged, by a free liberty for the avolation of thoſe fumes, . 


F hich in a cloſe veſſel might be unfavourable to the flame. 


And, to try at how great a degree of rarifaction of the air, it was poſ- 

1 tt ble to make ſulphur flame, by the affiſtance of an adventitious heat, we 
„gie peated the ſame experiment; the pumping being continued for ſome time 
hat VP "ter the flame of the melted brimſtone ſeem'd quite extinguiſh'd, till the 
ly, VIP <cciver was judg'd to be very well exhauſted : then, without ſtirring, 
unde glaſs, we very warily let in a little air; upon which we could per- 
5 I ceive, 


Purpoſe, we put a little flower of brimſtone, and having exhauſted the glaſs, 


glaſs in the form of a fine powder; and that part being turn'd downward, 
Ind laid on coals, the brimſtone without kindling roſe again in the form 
df an expanded ſubſtance, which, when remov'd from the fire, was, for 


317 


turning the key, make the uppermoſt marble take up the other, and the Pn res 


51. Into a ſmall earthen melting-por of a cylindrical figure, and well 754 'tis di- 
tol1z'd, we convey'd a ſmall cylinder of iron, about an inch long, and an 4 10 produce 
inch and half in diameter, made red hot in the fire; and having ſuddenly I/, n 47 

Fexhauſted the receiver, wherein we plac'd them, we let down a piece of an attenpt to 
paper, containing a convenient quantity of flowers of ſulphur, upon the kindle ſulphur 


heated metal; whereby, the paper being immediately deſtroy'd, the in- in vacuo. 


32. To examine, whether, when a heated iron would not keep the The efficacy of 


melted brimſtone ſo hot, as was requiſite to make it burn, without air, or = in 1 
Keton Of 


are. 
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Puma rie ceive, tho! not a conſtant flame, yet ſeveral little flaſhes, as It were, Gr 
cloſe themſelves, by their blue colour, to be ſulphureous; yet the air, 
had ſuffi ced to re-kindle the ſulphur, was ſo little, that two exſutigy, 
drew it out again, and put an entire ſtop to the phenomenon. And, yy, 
a little air was cautiouſly let in again, the like flaſhes began again tg », 
pear; which, upon two exſuctions more, quite vaniſhed: tho', upon lt. 
ting in a little freſh air the third time, they, once more, re-appeatd. 

An attempt t 53. Having conveniently placed three or four grains of gun-poyder i 

Are gun. po- our receiver, and carefully drawn out the air, we threw the ſun. beam, 

3 you united by a good burning glaſs, upon the powder, and kept them ther, 

2 for a conſiderable time, to little purpoſe; till, at length, the power 
inſtead of taking fire, only melted, like a metal. And this was ng 
the only experiment we then made, which diſcover'd a great ndiſpo. 
ſition, even in gun-powder, to be fir'd in vacuo. 

By means of a 54, We took a convenient weight of gun-powder, that was extraording 

vet iris. ſtrong, and well made; and, having placed a red-hot iron in our receing, 
that was capable of holding ſixteen pounds of water; when the air 
pear*d, by the mercurial gage, to have been well exhaulted, we k 
down a ſmall piece of thin paper, wherein the powder had been put, il 
it reach'd the plate; by whoſe heat, we hoped, the paper would be d 
ſtroy'd, and the powder made to go off. But, tho' both of them had ben 
previouſly well dry*d by the fire, no exploſion of the powder enſued; jr 
there appear'd upon the iron- plate, a broad blue flame, ſurprizingly dim. 
ble, and reſembling that of brimſtone. At length, taking off the rect 
ver, we found, that the paper, contiguous to the iron, was, in part, ce 
ſtroy'd by the heat; but moſt of the grains of the powder ſeem'd una. 
ed, and retain'd their diſpoſition to be fir'd, notwithſtanding the cr 
ſumption made of their brimſtone. 

Upon repeating this experiment, we found no exploſion to be mace ir 
ſo long a time, that thinking it in vain to wait, we let in the air; and, i: 
ter we had alſo deſpair'd of any effect from hence, the powder ſudder 
went off, with a great flaſh, and a conſiderable ſhake of the receiver, tut 
was yet ſtanding on the engine: which ſhews, that ſuch experiments aud 
be made with caution ; for tho? this receiver would contain two gallons of dwder | 
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liquor, the powder here employ'd, weigh'd but one grain. kent off 
A beatedglaſs 55. Into a large ſtrong glaſs -. bubble, we put a few ſmall corns of g 8. U 
ani of ait. powder; and, having carefully exhauſted the glaſs, and ſecured it git ers e 
the return of the air, we put it upon live-coals, ſuperficially cover' wi y'd the 
aſhes; by the heat whereof, the ſulphureous ingredient of the powder vi Wl uded a 
in part, kindled, and burn'd blue for a pretty while, and with a flame ch ſenſib 
ſiderably great; upon the ceaſing whereof, the powder, which, after all, effect, 


did not take fire, appear'd to have ſent up, beſides the flame, a Jarf * remo 
hat mo! 


quantity of ſulphureous ſublimate, that ſtuck to the upper part of e 

glaſs: and, being held againſt a lighted candle, it exhibited ſeveral ' WF 59. U 

vid colours, like thoſe of the rain- bow. | let de 
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with ſtrings, to a great weight, that was placed upon the iron-plate of 
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containing two gallons of liquor; and, having carefully cemented it on, 
ye cauſed the air to be diligently pump'd out; having, before, put in a 
mercurial gage, to help us to diſcern when it was well exhauſted. Laſtly, 
ordering the pump to be plied, in the mean time, for fear ſome air ſhould 
ſteal in; we, by ſhortning a ſtring that was tied to the trigger of the 
Ipiſtol, did all we could towards firing of the powder in the pan : but tho? 
the pan were made to fly open, the powder did not go off; then, letting 
&n the air, and cocking the piſtol again, we drew out a little air, to be 
ure that the receiver was cloſely cemented on ; when, letting in the air 
t the top of the receiver, and ſtopping it in, we pulPd the trigger again: 
yhereupon, tho' there had been no new powder put into the pan, nor any 
Jeft in it, but the little that remain'd after the late trial; yet that little rea- 
Tily took fire, and flaſh'd in the pan: which made it the more probable, 
hat, in the former trial, ſparks of fire had been ſtruck out, by the col- 
Aion of flint and ſteel. Beſides, in another trial, made the ſame hour, 
In the ſame exhauſted receiver, a ſpark, or two, were ſeen to fly out, upon 
he falling of the cock. It appears therefore, that, notwithſtanding the 
great indiſpoſition of gun-powder to be reduced into flame, in vacuo, yet 
en ſolid matter is not incapable of being fir'd there, if put into a mo- 
on ſufficiently vehement. 
57. The rays of the ſun, being thrown upon ſome Aurum fulminans, 
Placed in an exhauſted receiver, made it go off, and violently ſcatter a- 


gredient of this odd compoſition. 

This experiment we repeated, long after, in another place, with other 
els, and found the like ſucceſs. And once, in the night-time, putting 
Pon a heated iron, x of a grain of good Aurum fulminans, of our own pre- 
ring, looſely tied up in a piece of thin paper, we found, that after the 
dwder had lain long enough upon the iron, to be thoroughly heated, it 
gent off all together, and with a conſiderable flaſh. | 


Wwers of ſulphur ; and, having kindled them in the air, ſuddenly con- 


ſenſibly decay*d 3 and continued leſs at every exſuction of the air; and, 
effect, expired before the air was quite drawn out. And, upon the ſud- 
Wn removal of the receiver, it only afforded, for a very little time, ſome- 
hat more ſmoke in the open air, than it appear'd to do before. 
59. Upon a larger cylinder of iron, than the former, made red-hor. 
e let down a moderate lump of brimſtone, in a receiver moderately ex- 
Wulted ; when, being kindled, it ſent up a great flame, with large 1 
* N 


56. We took a ſmall, and very ſhort piſtol, and having well faſten'd it, Por uννν,ν es 


Sa; 
| , 22 1 And by means 
our engine, we drew up the cock, and prim'd the pan with dry powder; rA of 


then, over both the weight and piſtol, we whelm'd a receiver, capable of in vacuo. 


Two ways of 

f . g making Au- 
at the cavity of the glaſs a yellow duſt, which other trials, in the free rum fulminans 
r, made us look upon as particles of the gold, that was the principal — of in va- 


58. Upon a thick, metalline plate, we put a convenient quantity of y,,,, 


| , ; cultly preſert- 
y'd them into a receiver, and made haſte to pump out ſome of the in- 4 without 


Wuded air; as ſoon as the pump began to be ply'd, the flame appear'd to“ e 
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PxzunaTIcs However, we (till ply'd the pump, drawing out, together with the aj 


much ſulphureous, and offenſive ſmoke ; whereby, though the flame (gn, 
ed ſomewhat gradually impair'd, yet it manifeſtly continued burning much 
longer than, by the ſhort duration of other flames in our receivers, q 
could expect. And once, particularly, in making this experiment, d 
flame laſted, till the receiver was judg'd to be thoroughly exhauſted; aud 
ſome thought it ſo ſurviv'd the exhauſtion, that it went not out for wy 
of air-fewel ; the brimſtone appearing, when we took off the receiver, g 
ther to have been conſumed by.the fire that fed on it, or to have caſually 
ran off from the iron, the heat whereof had kept it conſtantly melted, 
A durable 60. Having obtain'd a faline ſpirit, which, by an uncommon way of 
fame of a me- preparation, was made exceeding ſharp, and piercing, we put into a yi! 
ry i capable of containing three or four ounces of water, a convenient quanty 
cuo. of new filings of pure ſteel ; which, being moiſten'd in the vial, with; 
little of the ſaline menſtruum, were, afterwards, drench'd with more; 
whereupon the mixture grew very hot, and yielded large and fetid fume, 
And ſo inflammable was this ſmoke, that upon the approach of a lights! 
candle, it would readily take fire, and burn with a bluiſh, and ſomenht 
greeniſh flame, at the mouth of the vial, for a conſiderable time together 
and that, tho? with a little light, yet with more ſtrength than one volt 
eaſily ſuſpect. 

This flaming vial, therefore, we convey'd into a receiver, which he wy 
uſed to manage the pump affirm'd, would be exhauſted by about ſi e. 
ſuctions; and the receiver being well cemented on, upon the firſt ſuck, th! 
flame ſuddenly appear'd four or five times as great as before; becauſe, 
we ſuppoſed, upon the withdrawing of the air, and, conſequently, ti 
weakning of its preſſure, numerous bubbles were produced in the met 
ſtruum; which breaking, ſupply'd the neck of the vial with inflammibl 
ſteams; and theſe, we thought, took fire, with ſome noiſe. Upon tbeß- 
.cond exſuction of the air, the flame blazed out, as before; and ſo it, lle. 
wiſe, did upon the third; but, after that, it went out: nor could ue. 
kindle any fire, by ſuddenly removing the receiver; only we found, tht 
there remain'd ſuch a diſpoſition in the ſmoke to inflammability, that a- 

ing a lighted candle to it, a flame quickly enſued. 
The flame of 61. Having ſo united highly rectified ſpirit of wine with a prepared 
ſpirit of wine metal, that they would afford a viſible ting'd flame; we put thsmmtter iſſ 


impregnated. ture into a ſmall glaſs lamp, furniſhed with a very flender wieck, vl ring w 

in vacuo. the mixture would not burn, whilſt there was liquor enough left to moi mixtu 
it well; and putting this lighted lamp into a convenient part of à f- ed. 
ver, able to held two gallons of water, we made haſte to cement ons. In : 
glaſs to the engine; yet found not, in two or three ſeveral trials, thut, er, it! 
ter the pump began to be work' d, ſo little a quantity of ting'd flame li ent was 


ed more than half a minute. e on th 
We alſo obſer w d, in repeating this experiment, that when the f lights t 

began to decay, the turn key, being now and then drawn almoſt out, i ething 
ting'd flame once laſted a minute and half, and another time 1 Ity of th 
| OL, I. 
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too minutes; that, in the ſame caſe, a pipe being bedded in the cement, 
at the bottom of the glaſs, and open at both ends, each almoſt as big as 
te orifice fill'd by the turn-key, the ting'd ſpirit ſeem'd to burn as if the 
fame would have laſted very long, had we permitted it; and laſtly, that 
E: the orifice at the top being ſtopt with the turn-key, tho? the pipe were left 
A open at the bottom, it plainly, in a ſhort time, ſeem'd greatly to decay, 
and ready to expire; but cauſing one to blow in gently at the pipe, with 
a pair of bellows, tho? this did not keep the flame vigorous, yet it con- 
tinu'd alive for above four minutes; and then obſerving it to be manifeſt- 
y ſtronger than it was, when we began to refreſh it with the bellows, we 
*ceag'd from blowing, and found, that tho? the glaſs pipe was ſtil] left open, 
pet within about one minute the flame entirely vaniſh'd. 


_ A 
— 


longer; that the turn-key being, from the firſt, taken out, the flame laſted Pu ve, 


62, Eminent writers, both ancient and modern, tell us, without ſcru- Hane preſer- 


ood fortune to ſee them do ſo; and doubt, theſe writers deliver not what 
hey affirm from experience. And tho', in celebrated authors, I have met 
with many compoſitions, that will not only burn under water, but be kin- 
led by it; yet I found thoſe I have had occaſion to conſider, to be ſo 
mely, or ſo darkly, and ſome of them, I fear, ſo falſly ſet down, that 
dy the following compoſition, how ſlight ſoever it may ſeem, I have been 
ple to do more than with things they ſpeak very promiſingly of. 
We took of gun-powder, three ounces ; of well burn'd charcoal, one 
am; of good ſulphur, or flour of brimſtone, half a dram; of choice 
t· petre, a dram and half; theſe ingredients being reduc'd to powder, 
d diligently mix*d without any liquor, we filPd a large gooſe-quill with 
for the kindling whereof, the open orifice of the quill or pipe, was 
efully ſtopt with a convenient quantity of the ſame, made up with as 
tle chymical oil, or water, as would bring it to a fit conſiſtence. This 
Wld-fire we kindled in the air; and the quill, together with a weight to 
ich it was ty*d, to keep it from aſcending, we ſlowly let down to a con- 
tent depth under water; where it would continue to burn, as appear'd 
the great ſmoke it emitted, and other ſigns, as it did in the air; be- 
p ſe the ſhape of the quill kept the dry mixture from being acceſſible to 
vater, at any other part than the orifice ; and there the ſtream of fired 
rer iſſued out with ſuch violence, as inceſſantly beat off the neigh- 
ring water, and kept it from entring into the cavity that contain'd 
— which therefore would continue burning till it was con- 
ed. 
W3. In trying to kindle a combuſtible ſubſtance in our exhauſted re- 
er, 1t happen'd to fall beſide the iron, whereby our intended expe- 


lights that were remov'd out of the room, we were ſurpriz'd to ſee 
ething burn like a pale blueiſh flame, almoſt in the midſt of the 
ty of the receiver; and at firſt ſuſpected it to be ſome deception of the 

0 1. II. 241 > + ſight ; 


le, that naptha and camphire will burn under water; but I had never the ved under 


An odd pbeno- 
, menon of the 
ent was defeated 3 but whilſt we were conſidering what was to be Hane of 4 ne- 


e on this occaſion, and had not yet let in the air, nor brought in““ in vacuo. 
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»ronarics ſight; but all the by-ſtanders perceiving it alike, and obſerving that; 
8 grew very broad, we look'd at it with great attention, and found it 6 
laſt much longer, than I remember to have ſeen any flame in an exhaud. 
ed receiver, 1 ſhould have expected that it proceeded from ſome brin 
ſtone ſticking, unobſerv'd, to a part of the iron we had formerly employ' 
to kindle ſulphur, had we not, juſt before, kept it red-hot in the fire, Bur 
tho? we much wonder'd whence this flame proceeded, we did not haſty 
its extinction ; and at length, when it expired of itſelf, we let in the an: 
and perceiv'd, upon the concave part of the iron, which we judg' to h 
the place where the flame had appear'd, a piece of melted metal, {uppoſe 
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to have been taſten'd to the ſtring whereto the fewel we deſign'd to hin. : _ 
dle, had been ty'd, in order to let it down the more eaſily; and this nz RE ſcorcl 


us conceive, that the ſtring happening to be burn'd, by the exceſlive hen 66 
of the iron, the piece of metal fell into the cavity of it; and that by the i ; 
ſame heat, the more combuſtible part, which the chymiſts call the ſu. 
phur, was melted, and kept on fire, and continu'd burning, as we hat 
related. This piece of metal was judg*d to be lead, but having not, fe. 
merly, obſery*d ſuch a diſpoſition in 1 to be inflam'd, I conſider di 


We m: 


attentively, and perceiv'd, that it was ſome fragment of a mixture oft Wee af 
and tin, that I caus'd to be melted in a certain proportion. Upon this x. ſo litt 
count, it ſeems, the mixture of the ingredients had acquired ſuch a ney part of 
texture, as fitted the maſs to afford this odd phenomenon ; which argue, they ce 


that there may be flames of metalline ſulphurs produc'd as ealily, withou melted, 
the concurrence of the air, as that of common ſulphur zj and continue u | 


burn longer than that in our vacuum. 


Aua fame 64. Having plac'd our cylindrical plate of iron, firſt brought to be red maſſes 
propagated hot, in a receiver, capable of containing two gallons of water; and» Wi 


3 2 ving alſo diligently pump'd out the air, we kindled a little ſulphur un 


the heated plate; and then a piece of dry*d ſpunck, ty'd to a ſtring, ms 67. ] 
let down to the flame. When the experiment was finiſh'd, and the ſpuck o try v 
taken out, we found it, in ſeveral places, not manifeſtly alter'd ſo much he ſtre 
as in colour; and in thoſe parts that had been moſt expos'd to the fam: 


it was turn'd to a ſubſtance very different from aſhes ; being black and {trum 
brittle as tinder, and, like that, exceedingly diſpoſed to kindle upon tne ently he 
touch of fire. 5 | | 
An attempt to 65, Into the ſame receiver, we convey'd the ſame cylindrical platedl Wonvenic 
re iron; and when the air had been thoroughly pump'd out, we let a fer, tho 
4 of ſuch brimſtone down upon the hot iron, as would there Kindle vit ter the 
the Belp of heat. A little above this ſulphur, we had ty'd to the ſame ſtring, a f good d 
air. of camphire, that bring a body exceedingly apt to take fire, or, as it vt nyecerver 
to draw it at the flame of lighted brimſtone; but our ſulphur melting yi lame, tc 
the heat of the iron, dropt from the ſtring it was faſten'd to. As ſoon ere to © 
came to the bottom, where it was diſtant from the vehement heat of 1 here the 
metal, the flame expired; but a part of it, that happen'd to ſtick to le ich the! 
ſide of the iron, was inflam'd by it, and the flame reach'd the campti nd whe 
without being able to make it blaze. i 
2 
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of another, ty'd a little lower on the ſame ſtring, that it might firſt touch 
the heated iron, and be thereby ſet on fire; but tho? we could find nothing 
amiſs in the kind of ſulphur we then us'd, yet we were not able, even by a 
repeated trial, to make it take fire upon the iron; where, nevertheleſs, it 
melted, and ſeem'd a little to boil, 

A third trial was not ſo unſucceſsful 3 for having in the receiver, well 
exhauſted, let down a card-match upon a very hot iron, the lower extreme 
of it was kindled thereby. But tho? the ſulphurated part of the match thus 
fam'd away, yet the remaining part, which was a mere piece of card, was 
not thereby turn'd into flame, nor, in moſt places, ſo much as ſenſibly 

| ſcorch'd or black*d, tho? it had been purpoſely dry*d beforehand. 
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we made a train of dry powder, as long as the glaſs would well cover; 
which done, we took a good burning-glaſs, and about noon caſt the ſun 


der to fire was ſo great, that it ſmoked, and melted, without going off. 
We afterwards employ'd a thinner, and more tranſparent receiver, which 
ſo little weaken'd the ſun's rays, that being kept obſtinately upon the ſame 
part of the train, they were able to fire ſeveral parts, one after another, tho? 
they could not cauſe the flame to propagate 3; only thoſe parts that were 
melted, did, at length, kindle, and fly away, leaving the reſt unalter'd 
ſo that I found ſeveral little maſſes of diſſolv'd matter, in ſeveral parts of 

he train, with the powder unchang'd in all the others. And ſome of theſe 


1gwaſſes were contiguous to grains of the powder, which both appear'd un- 
„ chang'd, and kindled readily, and flaſh'd all away, as ſoon as I caus'd 
the burning-glaſs to be applied to them in the open air. 

ni 67. For farther confirmation of ſo odd an experiment, I ſhall add, that 


nck 


uh 


Fo try whether by the help of one of thoſe little inſtruments, wherewith 
e ſtrength of powder is commonly examin'd, we could find any differ- 


me, nce made by the abſence and preſence of the air, in the reſiſtance of the 
1nd ſtrument, or the effects of the powder on it; we faſten'd it to a compe- 
the ntly heavy, and commodiouſly ſhap*d weight of lead ; and when it was 


Warefully fill'd, and primed with powder, we plac'd it in a receiver of a 
Sonvenient bigneſs ; whence we pump'd out the air after the uſual man- 
er, tho' perhaps with more than uſual diligence. But tho? at length, 
ter the powder had long reſiſted the beams of the ſun, thrown on it by 
good double convex- glaſs, it took fire at the touch-hole, and fill'd the 
Peiver with ſmoke; yet this kindled powder could not propagate the 
ame, to that which was in the box, how contiguous ſoever the parcels 
here to one another; tho? when the inſtrument was taken out into the air, 
here the touch hole appear'd to be free; as ſoon as ever new priming, 
ich che ſame ſort of powder, was put in, the whole very readily went off 
and when we caus'd the inſtrument to be new charg'd, and upon its firing 
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We alſo attempted to kindle one piece of ſulphur in vacuo, by the flame e 


66. Upon a paper, laid on a convenient part of the plate of the engine, Gun poder, 
th fired it- 
5 . , ir : ſelf, fires not 
then carefully faſtening on the receiver, we exactly pump d out the air ; the condims 
: 8 . grains in va- 
beams thro? it, upon a part of the train; but the indiſpoſition of the pow- cuo. 
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PxrxvmAaTics only at the touch-hole in the exhauſted receiver, order'd new pr 


be added, without ſo much as taking the inſtrument out of the glaſs ** _— 
ö % the! 


afterwards this was clos'd again, but without being exhauſted, the — 
der, cloſely ſhut up in the glaſs, readily went off; as well that which, omen 
in the box or cavity of the powder-tryer,as that which lay on the out =" 5 than 
part of it. And this experiment was repeated with the like ſucceſ;, — f _ 
Two differen 68. A few corns of gun- powder being included in a very | © leſs, | 
1 freed from air, and ſecur'd againſt the Fore of it, and ia der v 
_ „ in. rily to coals cover'd with aſhes, did neither go off nor burn; but afor, minut 
ale gun- pov · ed a little yellow powder, that ſeem'd to be ſulphur, ſublimed 0 hens thelet 
der in vacuo. per part of the glaſs. But two larger bubbles, tho' ſtrong, whereof g $ infect 


ceiver 
never 


appea 


any c. 


had the air but in part, and the other totally evacuated, being provide 
each of them, with a greater quantity of powder; a while after they 8 
put upon quick- coals, they were both blown to pieces, with a repon i. 
moſt like that of a muſquet; but tho' this was done in a dark place, j 
we did not perceive any real flame produc'd. 4 


Experiments, 69. We put a ſpoonful of highly rectify'd ſpirit of wine into 132 
. — glaſs lamp, conveniently e ene 8 = with a _ J Hy 
twixt air, and Orifice, at which we thruſt in a ſlender cotton-wieck ; we alſo provid; 1 
the Flamma tall glaſs receiver, in length 18 inches, that contain'd above 20 pins dle tc 
—_ of -uſ water. This receiver, which was open at both ends, had its upper ori | ho'k 
2 p Bs 3 cover'd with a brafs plate, faſtenꝰd on very cloſe with good cement; ui 1 k 
mal. included for the lower orifice, which was far the wideſt, we had provided abi U = 
with the flame plate, furniſh'd with a competent quantity of the cement we employ n Ar 
of ſpirit of keep the air out of the pneumatical engine; by means whereof, we call 1 p 
ra ſufficiently cloſe the lower orifice of our receiver, and hinder the air fon a4 ry 
getting in at it. We then lighted up the fmall glaſs lamp, and placti; whi h 
together with a green-finch, upon the braſs-plate, and in a trice faſt! drive 
it to the lower orifice of the receiver, and then watch'd the event; wii 3 
was, that within two minutes the flame, after having ſeveral times ant WG much 
diſappear'd, was utterly extinguiſh'd ; but the bird, tho? for a vieh i ſurviv- 
ſeem'd to cloſe his eyes, as tho? he were ſick, appear'd lively enougi at Wn We 
the end of the third minute, when I caus'd him to be taken out. Wbird, v 
After he had, by being kept in the free air, recover'd and refreſh'd hin- Wcvatior 
ſelf, the former trial was repeated; and at the end of the ſecond ni ¶¶Niſſued f 
the flame of the lamp went out; but the bird ſeem'd not to be ending the Pre 
by being detain'd a while longer. | Wupply: 
After this, we put in, with the ſame bird, two tighted lamps at ont, Wi coal, © 
whoſe flames laſted not one whole minute, before they went out togtti WS alt bet 
but the bird appear'd unhurt, after having been kept five or ſix times RFP Pr 
Jong, before we took off the receiver. em d 
cs In the tall receiver, above-mention*d, we included a mouſe, with 3 afterwa 
lighted lamp, fill'd with the ſpirit of wine; but before the experiment = ay 


near finiſh*'d, the mouſe, being at liberty within the glaſs, made ſhift 
el 


him: 
node 
oer hl 


once, 
ethet; 
mes 


with! 
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che lamp, or the animal, the ſpirit of wine burned about a minute longer 


during which time, the mouſe appear'd not to be grown ſick, no more 


A 
x 
4 


than when, for ſome minutes after the extinction of the flame, he had been 
kept in the fame cloſe and infected air. : : 

We afterwards-placed the ſame mouſe in another receiver, which ſeem'd 
Jeſs, by a third, than the former; and in it we, alſo, fix*d a piece of ſlen- 
der wax- candle, which continu'd burning in this receiver, but for one 
minute; and, during that, it emitted much ſmoke: the animal, never- 
theleſs appear'd lively, even aſter we had kept him much longer in that 
infected air. And the ſame candle, without being taken out, was lighted 
again, but burned not ſo long as before; yet it ſufficed to darken the re- 
ceiver, and therefore, probably, much clogg'd the included air: in which, 
$ nevertheleſs, the mouſe being kept for eight or ten minutes longer, he 
appear'd, neither when taken out, nor a while before, to have receiv'd 
any conſiderable harm from his detention. 


very carefully cemented on to the pump: in this glaſs, we ſuffer*d the can- 


tho' kept a while longer in that clogg'd and ſmoaky air, he appear*d well, VeuαU 
when the receiver was remov'd. We, afterwards, put the ſame bird in- 
to the receiver, with a piece of ſmall wax- taper; whoſe flame, tho? it 
laſted longer than the other, yet the bird out- liv'd it: and, *twas judg'd, 
he would have done ſo, tho? the flame had been much more durable. Af. 
ter this, we included the ſame bird, with the former candle, in the receiver, 


which we had caus'd to be often blown into with a pair of bellows, to 


drive out the ſmoke, and infected air; and then, beginning to pump, we 

ound, that the flame began to decay more ſuddenly, and the bird to be 
much more diſcompos'd, than in the former experiments: but ſtill he 
ſurviv'd the flame, tho? not without convulſive motions, 

We repeated the experiment with a piece of wax-taper, and the ſame 
bird, which, tho? caſt into dangerous ſymptoms, upon the gradual eva- 
cuation of the air, out-liv*d, not only the flame, but the ſmoke too, that 
iſſued from the kindled wieck; a circumſtance that was, alfo, obſerv'd in 
the preceding trial. Laſtly, having freed the receiver from ſmoke, and 
Iſupply'd it with freſh air; we put in, with the ſame bird, a piece of char- 
coal, of about two inches in length, and half an inch in breadth, which, 
Huſt before, had been well blown with a pair of bellows; immediately 
pumping out the air, till none of the fire could be diſcern'd, and till it 
ſcem'd irrecoverable, by the admiſſion of the outward air; which being 
Wfterwards admitted, the bird was, indeed, very ſick, yet capable of a 

very quick recovery. And this experiment we, with the ſame animal, 


nd re-kindled coal, made over again with the ſame ſucceſs. 
2 


71. We 


' 1 1 1 1 1 ing PN EVUMAT! 
extinguiſh the flame; which, being revived, without taking out either CENT 


70, We included a green-finch, and a piece of lighted candle, in a The duration 


| d receiver, capable of containing two gallons of water, and bird life,. 
great capp'd receiver, capab] 2 2 DM 
: : OL. ah the duration of 
dle to burn, till the flame expired, which it did within leſs than two a Burning — 4 


minutes; whilſt the bird ſeem'd to be in no danger of ſudden death; and, and candle, in 
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Pxrumatics 571. We took two glow-worms, that ſhone vividly, eſpecially one t T 
Hite ln them, whoſe light appear'd ſtrong, and ting*d, as if it had been tal. the li 
and their lu. mitted thro' a blue glaſs; theſe we laid upon a little plate, which Wein ve ine 
ina, matter, cluded in a {mall receiver, of finer glaſs than ordinary; and, havin . lumin 
n vacuo. mov'd the candles, that no other light might obſcure that of the inch living 
we waited in the dark, till it was conſpicuous, and then ordered the u = fo 
be pump'd out; and, upon the very firſt exſuction, there began to be, S 74. 
diminution of the light, which grew gradually dimmer, as the air wag | ſcale 
withdrawn; till at length, it quite diſappear'd. This darkneſs hai about 
been ſufter*d to continue a long while in the receiver, we let in the arg we ſtr 
gain, whoſe preſence reſtor'd, at leaſt, as much light as its abſence hadg. gain; 
priv'd us of. This experiment was repeated, with the addition of ge receive 


the exhauſtion of the receiver, and regain'd it by the return of cheat. 


their luminous matter may continue to ſhine long after 'tis taken out d 


more of thoſe inſects; when they all three gradually loſt their light, b 


And here we let in the air by degrees, and with an interval or two; a 
obſerv*d, that as the light was gradually diminiſh*d, upon withdraning 
the air; ſo the returning ſplendor was gradually increas'd, as we let mor 
in upon the worms. 

72. Tis known, that if glow-worms be kill'd whilft they are ſhining, 


their bodies. And, having put ſome of that, we took out of the fore 
mention'd inſects, upon a little paper, and included it in the receiver, w 
employ'd; the candles being remov'd; we perceiv'd it to ſhine vividy, 
before the pump was ſet on work; and afterwards, to grow dimmer, iy 
degrees, as the air was exhauſted, till at length it quite vaniſh'd : but it 
appeared immediately upon the air's return. This experiment was 
peated twice more, with the ſame ſucceſs. But we took notice, that tt 
luminous matter, after the air was let in, ſeem'd not only to have rein 
its former degree of light, but to have acquired a greater; as it once iu 
pen'd alſo in the experiment made on the living worms. It was ſomevia 
ſtrange to obſerve, that ſo very ſmall a quantity of air, as we at firſt lc, 
before the light revived, was ſufficient to make it become plainly vit, 
tho* dim: in which ſtate it continu'd, till we thought fit admit mog a. 
73. Having, at another time, procured two more of thoſe inſects, 
whereof one was judg'd to be as large as three ordinary ones; wi de 
had brought them out of the country to London, the great worm appeared 
to be dead; but, finding him to retain a conſiderable degree of ligt, f 
the under part of his tail, we put him into the ſmall receiver forme!! 
mention'd, to try whether, after the death of the animal, the ſhining mi nd 
ter would retain its former properties; and, at the firſt ſtroke of ti: Wl 76. H 
pump, the light was not aboliſh*d, but continu'd vivid: and ſo it did ui : hae. of 


the air being let in, and again withdrawn, the trial was made a ſecond ti Mcd 80 

Jafterwards cauſed the receiver to be exhauſted once or twice more e air wa 

at length perceived, that the light began to diminiſh, as the air was u auifeſt f 

drawn; and at laſt of all, it ſo diſappear'd, that we could not le: it: bil ed a wh 
F 


upon the re-admiſfion of the air, the light ſhone vividly, as before, _ 
more bright, Tas 


$ 
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the like happen'd to the light of the dead one, and of the living one, that 
© .c included with it; tho? there was this diſparity betwixt them, that the 
© |:.minous part of the dead worm appeared much larger than that of the 


living one: and the light of the latter was of a very greeniſh blue; but of 
; the former, a white yellow. | 


327 


This experiment was repeated, with the ſame ſucceſs, and both times, ab > 


E -4. A mouſe, weighing about three drams and an half, being put in one 4nima!s 


3 | 7 ig hed befor 
| ſcale of a very nice balance, was counterpoiſed together with a ſtring put 8 _ e 


after. 


about his neck in a nooſe ; and ſoon after, by drawing the ends of that, 
we ſtrangled him: when we judg'd him quite dead, we weighed him a- 

gain; and, tho' nothing was ſeen to fall from him; yet, contrary to the 

received tradition, that bodies are much heavier dead than alive, we found 

his weight diminiſh*d about ⁊t᷑ of a grain; which, probably, proceeded 

rom the avolation of ſeveral ſubtile particles, upon his violent and con- 
ulſive ſtrugglings in death. | 


very young kitten, between ten and eleven ounces in weight, and caus'd 
gim to be ſtrangled on the ſcale, wherein he had been put. But, being 

not immediately diſpatch'd, as young animals of this kind are not eaſily 
Teſtroy*'d for want of reſpiration ; we found him, by that time he was 
Quite dead, lighter, by four grains. 


[tain the want of the air in our exhauſted receiver. 
We put a full-grown duck into a receiver, whereof ſhe filPd about a 

ird part; but was very unable to ſtand in any poſture therein: then 
umping out the air, tho? ſhe ſeem'd, at firſt, to continue well, ſomewhat 
nger than a hen in her condition would have done; yet, within one mi- 
te, ſhe appear'd much diſcompos'd, and, between that and the ſecond 
minute, her convulſive motions encreaſed ſo much, that her head hang- 
g careleſly down, ſhe ſeemed to be juſt at the point of death; from 
hich, we preſently reſcued her, by letting in the air. And, to mani- 

„that it was not the cloſeneſs and narrowneſs of the veſſel, that pro- 
ced this great, and ſudden change, we, ſoon after, included the ſame 
rd in the ſame receiver; and, having cemented it on very cloſe, we ſuf- 
d her to ſtay, thus ſhut up with the air, five times as long as before, 
ithout perceiving her to be diſcompos'd; and, ſhe might, probably, have 


1 : : 1 
70 þ ntinued longer in the ſame condition. 

| | : : 
an 76. Having procured a duckling, that was yet callow, we convey'd 
. into the ſame receiver, wherein the former had been included, and ob- 


1 ved, that tho? for a while, ſhe appear'd not much diſordered, whilſt 
1 ear was pumping out; yet before the firſt minute was ended, ſhe gave 
0 auifeſt ſigns of being much diſcompoſed: and the operation being conti- 
kee nn longer, convulſive motions enſued ſo faſt, that, before the 


Ti Wi ſecond 


Afterwards, in a larger balance, made for nice experiments, we took a 


75. Nature having furniſh*d water-fowl with a peculiar ſtructure of Experiments 
fone veſſels about the heart, to enable them, when they dive, to ſuſ- ee 
pend, for a while, the act of reſpiration under water, without prejudice; ſpiration made 


I thought fit to try, whether ſuch animals would, much better than others, «pon ducks. 


the 


of re» 
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PxzuwarTiciſecond minute was expired, we were obliged to let in the air, Wherehy 


Don vipers. 
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ſhe quickly recover'd. 

When the receiver was pretty well exhauſted, the included bird: 
peared manifeſtly bigger than before the air was withdrawn, eſptcially 
bout the crop; tho' that was very turgid before. We alſo kept the 
ſame duckling, in the ſame receiver, very cloſe, for above fix mi. 
nutes, without perceiving her to grow ſick upon her impriſonment ; whiz 
yet laſted above thrice the time, that before ſufficed to reduce her tg, 
gaſping condition. 

It not being intended, that water-fow], ſhould, any more than othe 
birds, live in an exceeding rarified air, but only to be able to continue 
upon occaſion, under water, it may ſuffice, that the contrivance of the, 
parts relating to reſpiration, be barely fitted for that purpoſe. 

Vipers being endowed with lungs, tho? of a different ſtructure fron 
thoſe of other animals; and their blood being, as to ſenſe, actually cold; 
I thought, it might be worth trying, what effect the abſence ot the aj 
would have upon them. 

77. Jan. 2. We included a viper in a ſmall receiver, and as we der 
out the air, ſhe began to ſwell, and afforded us theſe phenomena. 

I. It was a long while after we had left pumping, before ſhe began ty 
ſwell, ſo much as forced her to gape, which, afterwards ſhe did, 

2. She continued above two hours and a half in the exhauſted receiver 
without giving clear proof of her being killed. 

3. After ſhe was once ſo ſwelled, as to be compelled to open her ja, 
ſhe appeared ſlender and lank again; and yet, very ſoon after, appeared 
ſwell'd again, and had her jaws disjoin'd as before. 

78. Including a viper ina ſmall receiver, we emptied it very carefully; 
when the viper moved up and down within, as if it were to ſeek for al; 
and, after a while, foamed a little at the mouth, and left off the foun 
ſticking to the inſide of the glaſs : her body ſwelled not conſiderably, ad 
her neck leſs, till a pretty while after we had left off pumping; but aft 
wards the body and neck grew prodigiouſly tumid, and a bliſter apper- 
ed upon her back. An hour and an half 2 the receiver was exhaultd, 
the diſtended viper gave, by motion, manifeſt ſigns of life; but ne0d- 
ſerved none afterwards. The tumor reach'd to the neck, but did not 
ſeem much to ſwell the under-jaw. Both the neck, and a great part ol tit 
throat, being held betwixt the eye and the candle, were tranſparent, 
where the ſcales did not darken them. The jaws remain'd mightily oper 
ed, and ſomewhat diſtorted ; the Epiglottis, with the Rimula Lary"gh 
(which remain'd gaping) was protruded almoſt to the further end of tit 
under-jaw. As it were, from beneath the Epiglottis, came the black 
tongue, and reached beyond it, but ſeemed, by its poſture, not to have r 
ny life; and the mouth alſo was grown blackiſh within; but the air beitz 

re-admitted, after twenty-three hours in all, the viper's mouth was pie 
ſently cloſed, tho? ſoon after, it was open'd again, and continued long f. 


whilſt ſ®rching or pinching the tail, made a motion in the whole boch, 
thit argued ſome life. | 79.40 
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W wich a gage, in a portable receiver, which, being exhauſted, and well ſe- 
cuted againſt the ingreſs of the air, was laid aſide in a quiet place, where it 
continued from about ten or elven a- clock in the forenoon, till about nine 
the next morning: and then, looking upon the ſnake, tho* he ſeem'd to 
be dead, and gave no ſigns of life, upon the ſhaking of the receiver, yet, 
BZ upon holding the glaſs, at a convenient diſtance, from a moderate fire, he 
in a: ſhort time, manifeſted himſelf alive, by ſeveral tokens; and even 
by putting out his fork'd tongue. In this condition I left him, and came 
not to look upon him again, till the next day, early in the afternoon ; at 
which time, he was grown paſt recovery, and his jaws, which were for- 
© merly ſhut, gaped exceeding wide, as it they had been ſtretched open by 
ſome external violence. 


he air, and left her not very much ſwell'd, and able to move her throat; 
ho' not ſo faſt as when ſhe breath'd freely, before the exſuction of the air. 
he continued alive for about two hours, that we took notice of, ſome- 
imes removing from one ſide of the receiver to the other; ſhe ſwell'd more 
Than before, and didnot appear, by any motion of her throat, or thorax, 
o exerciſe reſpiration 3 but her head was not very much ſwelFd, nor her 
mouth forced open. After ſhe had remained there above three hours, per- 
eiving no ſign of life in her, we let in the air, upon which the tumid bo- 
Y ſhrunk very much, but ſeem'd not to have any other change wrought 
Pit; and tho? we took her out of the receiver, yet, in the free air, ſhe 
Wntinued to appear ſtark dead. But, having cauſed her to be laid upon 
e graſs, in a garden, all night, we found her, the next morning, per- 
ly alive again. 
81. June 29. About eleven of the clock in the fore-noon, we put a frog 


J o a ſmall receiver, containing about fifteen ounces, and one quarter, 
fo y-weight, of water; out of which we had, tolerably well drawn the 
2 ( fo that when we turn'd the cock under water, it ſuck'd in about thir- 
5 ounces, and one quarter, of water,) the frog continued, the receiver 
* ng all the while under water, lively, till about five of the clock in the 


Irnoon, When ſhe expired. At the firſt ſhe ſeem'd not to be much al- 
d by the exſuction of the air, but continued breathing, both with her 
oat and lungs, | | | | 

2. Sept. 6. We included into a pretty large receiver, two frogs newly 


J not 
of the 
arent, 


— en; the one not above an inch long, and proportionably ſlender; the 
"of re er, very large and luſty. Whilſt the air was drawing out, the leſſer frog 
bu pp'd up and down very lively, and, ſeveral times, clamber'd up the ſides 
haves he receiver, ſo that he ſometimes wreſted himſelf againſt the ſides of the 
- bein [s. When his body ſeem'd to be perpendicular to the horizon, if not in 


lining poſture, he continued to ſkip up and down a while, after the ex- 
on of the air; but, within a quarter of an hour, we perceived him to lie 


ſo 9 17 
1. dead, with his belly upwards. The other frog, that was very large 
0 Aj ſtrong, tho? he began to ſwell much upon withdrawing the air, and 
17 0 


_ II. Yyy ſeemed 


79. April 25, We included an ordinary, harmleſs ſnake, together PnEUMATICE 


80. Sept. 9. We included a large, luſty frog, in a ſmall receiver, drew out Hog, 
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PxrvmaTics ſeemed to be diſtreſs'd, yet he held out half an hour; when it WASTemarl 
able, that the receiver, though it had withſtood the preſſure of the ou: 
ward air, during that ſpace, notwithſtanding a piece of it had been crack; 
out, but cemented in again, yet at the end of the half hour, the weight of 
the _ air ſuddenly beat it in, and thereby gave the impriſon 
relief. , 

83. Sept. 11. We convey'd a ſmall frog into a very ſmall portable res, 
ver, and began to pump out the air. At firſt ſhe was lively, but when the 
air was conſiderably withdrawn, ſhe appear'd to be very much diſquietti; 
yet not ſo, but that, after the operation was ended, and the receiver tale 
off, ſhe was perfectly alive, and continued to appear fo for an hour, thy 
the abdomen was very much, and the throat ſomewhat extended; the li. 
ter having, alſo, left off the uſual panting motion which is ſuppoſed y 
argue and accompany the reſpiration of frogs. At the end of about thre 
hours and a quarter, after the removal of the receiver ſrom the pump, the 
air was let in z whereupon the abdomen, which, by that time, was ſtrange 
ly ſwell'd, not only ſubſided, but ſeem'd to have a great cavity in it, x 
the throat, alſo, proportionably had; which cavities continued after th 
frog was gone paſt all recovery. 

84. April 14. A large frog was convey*d into a plated receiver, and he 
air being withdrawn, her body, by degrees, diſtended. The receiver, 
with the gage, was kept under water near ſeven hours; at the end of which 
I found it tight, but the frog dead, and exceedingly ſwell'd: upon lei 
in the air, ſhe became more hollow and lank than ever. 

Kitlings. 85. We took a kitling one day old, and put him into a very ſmall recs 
ver, that it might be the ſooner exhauſted ; and within about one mini 
after the air firſt began to be withdrawn, the little animal which, in ti 
mean time, gaſp'd for life, and had ſome violent convulſions, lay as de, 
with his head downwards, and his tongue out; but, upon letting in their, 
he, in a trice, ſhew'd ſigns of life; and, being taken out of the recent! 
quickly recover'd. We then ſent for a kitling of the ſame litter, which: 
ing put into the ſame receiver, quickly began, like the other, to havecar- 
vulſions, and after to lie as dead; but, obſerving very narrowly, Irc 
ved ſome little motions, which made me conclude him alive. And cord 
ingly,. tho? we continued pumping, and could not perceive that te 
leak*d, the kitling began to ſtir again, and, after a while, had ſtronget u 
more general convulſions than before: till at the end of full ſix minutesalt! 
the exſuction of the air was begun, the animal ſeeming quite dead, the ol 
ward air was re-admitted into the receiver; which not reviving him, a it hab 
done the other, he was taken out of the veſſel, and lay with his mouth oft 

and his tongue lolling out, without any ſenfible reſpiration and pullatioi 
till having order'd him to be pinch'd, the pain, or ſome internal mol 
produc'd by the external violence, made him, immediately, give mani 
ſigns of life; tho? there was yet no ſenſible motion of the heart or lug 
but afterwards gaping, and fetching his breath in an odd manner, and 
much ſtraining, as I have ſeen ſome fœtus's do, when cut out of the a 
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W wards, ſent for another, kitten'd at the ſame time; and inclofing that, 
f. alſo, in the receiver, obſerv'd the violent convulſions, and, as it were, 
= eaſping for breath, into which he began to fall, at the ſecond or third 
fuck, ended in a ſeeming death, within about a minute and a half. But, 
© cauſing the pump to be ply'd, the kitling gave manifeſt ſigns of lite, after 
he had endured ſeveral convulſions, as great as thoſe of the firſt fit, if not 
greater. When ſeven minutes, from the beginning of the exhauſtion, 
EE were compleated, we let in the air; upon which, the little creature, that 
ſeem'd ſtark dead before, made us ſuſpect he might recover: but, tho? 
ve took him out of the receiver, and put Aua Vitæ into his mouth, yet 
he, irrecoverably, died in our hands. 


i ſeems as difficult as it would be uſeful. To ſhew how little the air, con- 
tain'd in water, would appear to leſſen the bulk of the water, if it were 


part with any thing of its bulk, that made a diminution ſenſible to the 
eye. We, therefore, endeavour'd to make this loſs viſible, by ſome other 
experiments. | ; 
A glaſs-tube, ſeal'd at one end, and about thirty-ſix inches in length, 
being fill'd with water, and inverted into a glaſs-veſſel, not two inches 
in diameter, and but a quarter of an inch, or little more, in depth; the 
glaſſes were convey'd into a fit receiver, and the air leiſurely pump'd out, 
and ſomewhat ſlowly re- admitted; when, the numerous bubbles, that had 
aſcended, during the operation, conſtituted, at the top, an aerial aggre- 
gate, amounting to , wanting about an hundredth part of an inch. 
87. Preſently after, another tube was fill'd with the ſame water, and 
nverted 3 when, the water, being drawn down to the ſurface of that 
the veſſel, and the air let in again, the water was impell'd up to the 
Mery top, within a tenth, and half a tenth of an inch. 
The latter tube was forty-three inches and a half above the ſurface of 
e ſtagnant water; the air, collected out of the bubbles, at the top of 
e water, was, the firſt time, above three quarters of an inch; and the 
cond time we eſtimated it, at one half, and one ſixteenth. The firſt time, 
We water, in the pipe, was made to ſubſide full as low as the ſurface of 
We ſtagnant water ; the ſecond time, -the loweſt that we made it ſubſide, 
= to be four or five inches above the ſurface of the water in the open 
Wellel. 
W But the air, at the top of the tube, poſſeſs*d more room than its bulk 
W>ſolutely required; becauſe it was ſomewhat defended from the preſſure 
f the atmoſphere, by the weight of the ſubjacent cylinder of water, which 
Perhaps, was about three or four feet long. 
88. We provided a clear round glaſs, furniſh'd with a pipe, or ſtem, 
out nine inches in length; the globular part of the glaſs being, on the 
Putſide, about three inches and a half in diameter: the pipe of this glaſs 
127572 was, 


he, by degrees, within about a quarter of an hour, recover'd. We after-FWν r fes 


86. To determine the quantity of air harbour'd in the pores of fluids, Exe 
upon the air 


uſually Har- 
5 bour'd in the 
ſuffer*'d to fly away in an open tube; we let it eſcape, in an exhauſted re- pores of wa- 


ceiver, without any artifice to catch it: in which trial, the water did not“, &c. 
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PxzouwaT1cs was, Within an inch of the top, melted at the flame ofa lamp, and d. 90. 
du,, for two or three inches, as ſlender as a crow's quill, that th 8 W cnoug} 
creaſe of the water, upon the receſs of the air, harbour'd in its row not the 
might be the more eaſily obſerv*d, and eſtimated. Above this ſlender pu. ſturb*d 
of the pipe, the glaſs was, nearly, of the ſame fize with the reſt of the tw. 
pipe; that the aerial bubbles, aſcending thro? the ſlender part, might th bam v 
find room to break, and ſo prevent the loſs of any part of the water * twenty 
This veſſel being filled, till the liquor reach'd to the top of the (lens had be 
part; where, not being uniformly enough drawn out, it was d On 
broader than elſewhere ; we convey'd the glaſs, together with a pedeſly] ceiver, 
for it to reſt upon, into a tall receiver; and, pumping out the air, then ſeem'd 
diſcloſed themſelves numerous bubbles, aſcending nimbly to the upperen WE in grea 
of the glaſs, where they made a kind of froth : but, by reaſon of the Fand he 
figure of the veſſel, they broke at the top of the ſlender part, and ſo dem move? 
came to overflow. ES fore, | 
This done, the pump was ſuffer'd to reſt a while, to give the ci; times, 
particles, lodg'd in the water, time to ſeparate themſelves, and emerge; fer'd a 
when, the pump was ply*d again. Theſe viciſſitudes of pumping, and ref. J. 91. 
ing, laſted for a conſiderable time; till, at length, the bubbles began it in th 
be very rare; ſoon after which, the external air was let into the receiver pected 
when, it appear'd ſomewhat ſtrange, that notwithſtanding ſo great a n. Prov'd 
titude of bubbles as had eſcaped out of the water, I could not, by atten. of the 
tively comparing the place where the ſurface of the water reſted at firf, r 
(to which a mark had been affix d) with that where it now ſtood, dian I trial. 
the difference to amount to above an hair's breadth; and the chief open. . 92. 
tor in the experiment profeſs'd he could perceive no difference at all. The pl: 
89. Filling a glaſs of the ſame ſhape, and much of the ſame bigneſs: togeth 
the former, with claret - wine, and placing it upon a convenient pedeſ, Meer, 
in a tall receiver, we caus'd ſome of the air to be pump'd out; wher- 93. 
upon there emerged thro? the ſlender pipe, fo very great a multitude d ew 
bubbles darted, as it were, upwards, as both pleas'd and furpriz't nin 
us; but forc'd us to go warily to work, for fear the glaſs ſhould brak, mz 
or the wine overflow; wherefore, we, ſeaſonably, left off pumping, be- ang 
fore the receiver was near exhauſted, and ſuffer'd the bubbles t wt | Irs 
away as they could, till the danger was paſt ; then, from time to time, Nor 
we pump'd a little more air out of the receiver; the withdrawing a Kt 
moderate quantity of air at a time ſufficing, even at the latter end, tv ory 


make the bubbles copioufly and ſwiftly aſcend, for ab ter of an 
Hour together. * 7 A | dubble 


The little inſtrument made uſe of in theſe experiments, being defign'd = 
to examine, among other things, the quantity of bubbles lurking in Wa EO 
veral liquors, may be apply'd to ſpirit of wine, and chymical olls 5 
And ſome circumſtances of our trials made us think, that it might b ail Y 
worth examining, what kind of ſubſtance may be obtain'd by this 2) d Wiſercirec 


treating aerial and ſpirituous corpuſcles. Wittle r 


4 
90. At 
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go, An oyſter, being put into a very ſmall receiver, and kept there long 
enough, to have, ſucceſſively, kill'd three or four birds, or beaſts, Sc. was 95. #6 is 
bot thereby kill'd, nor, for ought we could perceive, conſiderably di- an exhaufted 
ſturb'd; only at each ſuck we perceiv'd, that the air, contain'd between eee. 
che two ſhells, broke out at their commiſſure; as we concluded from the 
E am which, at thoſetimes, came out all around that commiſſure. About 
© twenty-four hours after, I found, that both this oyſter, and another, that 
had been put, at the ſame time, into the receiver, were alive. 

On the fame day we put a pretty large craw-fiſh into a large re- 
© ceiver, and found, that tho' he had been before injur'd by a fall, yet he 
ſeem'd not to be much incommoded, by being included, till the air was, 
in great meaſure, pump'd out; and then his former motion preſently ceas'd, 
and he lay as dead, till, upon letting in a little air, he ſoon began to 
move afreſh 3 and, upon withdrawing the air again, he preſently, as be- 
fore, became moveleſs. Having repeated the experiment two or three 
times, we took him out of the receiver, when he appear'd not to have ſuf- 
fer'd any harm. | &* EO Oe 
91. Having put an oyſter into a vial, full of water, before we included 
it in the receiver, that thro? the liquor the motion of the bubbles, ex- 
# pected from the fiſh, might be the better ſeen, and conſider'd; this oyſter 
Eprov'd fo ſtrong, as to keep itſelf cloſe ſhut, and repreſs'd the eruption 
of the bubbles, that, in the other, forc'd open the ſhells, from time to 
| = and kept in its own air, as long as we had occaſion to continue the 

trial. 
92. A craw-fiſh, that was thought more vigorous, being ſubſtituted in 
the place of the former craw-fiſh, tho? once he ſeem'd to loſe his motion 
together with the air; yet, afterwards, he continu*d moving in the re- 
ever, in ſpight of our pumping. 
93. We took a receiver, ſhaped almoſt like a bolt- head, containing near A ale: fi in 


3 


; } pint ; and the globular part of it, being almoſt half fullof water, we au exbaufted 
„„yrt into it, at the orifice, a ſmall gudgeon, about three inches long: é 

n hich when it was in the water ſwam nimbly up and down therein: 

. hen, having drawn out the air, ſo that about nineteen parts out of twenty, 


dr more, were exhauſted ; we ſecur'd the return of the air from injuring 

dur experiment. | | | 
Now the neck of the glaſs, being very long, tho* there appear'd nu- 
* erous bubbles all about the fiſn; yet the reſt of the water, notwith- 
* ven the withdrawing of ſo much air, emitted no froth, and but few 

dubbles. 
ont | The fiſh, both at his mouth and gills, for a long time, diſcharg'd ſuch a 
e aantity of bubbles, as appear'd ſtrange; and for about half an hour, 
. hen ever he reſted a while, new bubbles would adhere to many parts of 
wy is body, (as if they were generated there) eſpecially about the fins and 
10 ail; ſo that he would appear almoſt beſet with bubbles; and if, being 
Excited to ſwim, he was made to ſhake them off, he would quickly, upon a 
Wittle reſt, be beſet with new ones, as before, 


1, A F Almoſt 
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, Almoſt all the while, he would gape, and move his gills, as befg,, 
was included; tho?, towards the end of the time I watch'd him, he of 
neither took in, nor emitted any aerial particles that I could perceiy. 
After a while, he lay almoſt conſtantly with his belly upwards, 20 
yrs would, in that poſture, ſwim briſkly as before. Nay, ſoon af 
e ſeem'd to be more lively than at firſt putting in. | 
In about an hour and a half after he had been ſeal'd up, I {gy 
him almoſt free from bubbles, with his belly upwards, and ſeeming 
ſomewhat tumid, yet lively as before. But, an hour and a quarter after 
that, he ſeem'd to be moveleſs, and ſomewhar ſtiff ; yet, upon ſhaking ii 
glaſs, obſerving faint ſigns of life in him, by ſome languid motion; l. 
attempted to make, when excited; I open'd the receiver, under wats, 
to try if that liquor, and air, would recover him; when, the external g. 
ter ruſhing in, till it had fill'd the vacant part of the ball, and the grene? 
part of the ſtem, the fiſh ſunk to the bottom of it, with a greater appen. 
ance than ever of being alive: in which ſtate, after he had continu'd 
pretty while, I, by the help of the water he ſwam in, got him thre th 
PIPE, into a baſon of water, where he gave more manifeſt ſigns of li 
ut, yet, for ſome hours, he lay on one ſide or other, without being ab} 
to ſwim, or reſt on his belly, which appear'd very much ſhrunk in. 
All the while he continu'd in the baſon of water, tho* he mov'd his gill 
as before he had been ſeal'd up; yet I could not perceive, that hedil 
even in his new water, emit, as formerly, any bubbles; tho”, two « 
three times, I held him by the tail in the air, and put him into the wat 
again; where, at length, he grew able to lie conſtantly upon his belly ; 
tho? that retain'd much of its former lankneſs. And he lived, in the balm, 
eight or ten days longer; tho? ſeveral gudgeons, ſince taken, died tit 
in a much leſs time. 
Two animals, 94. Sept. 12. A ſmall bird, having the abdomen open'd almoſt rn 
e — flank to flank, without injuring the guts, was put into a little recent, 
abdomen, in- and the pump being ſet a- work, continued, for ſome little time, witolt 
cluded in the giving any ſigns of diſtreſs ; but at the end of about a minute and an half 
pneumatical from the beginning, ſhe began to have convulſive motions in tit 
— wings: and, tho? the convulſions were not univerſal, or appeared volt 
as is uſual in other birds when the air is withdrawn, yet, at the en ol 
two full minutes, letting in the air, and then taking off the receiver, t 
found the bird irrecoverable, tho? there appear'd no notable altera 
in the lungs 3 and the heart, or, at leaſt, the auricles of it, continu 
beating for a while after. 
95. We took, alſo, on the ſame day, a pretty large frog, and havls 
without violating the lungs, or the guts, made two ſuch inciſions in the 
abdomen, that the two curl'd bladders, or lobes of the lungs, came 00, 
almolt totally, at them; we ſuſpended the frog, by the legs, in a ſmall & 
ceiver, and, after we had pump'd out a large part of the air, the _ 
ſtruggled very much, and ſeem'd to be much diſorder'd ; and When! 
receiver was well exhauſted, ſhe lay till, for a while, as if ſhe * bert 
I 


cad 


dead 
air, o 
one of 
contin 
ting ir 

der ap 
remov 


rontini 


197. 


eceive 


Fumid, 
Fery la 


eglat 


while 


Fenew 1 


ird h 
e hea! 
was ſ 


pere 
aſh in, 


Pore vie 
moſt tc 


uring \ 
outh) » 
eated, 


9. Aſt 
ume, | 
Wr affirm 


x 
= 


- 


Phyfico-mechanical Experiments. 535 


dead; the abdomen and thigh being very much ſwelld, as if ſome rarify*d?x=vnarrcs 


air, or vapour, forcibly diſtended them. But as, when the frog was put in, — 
one of the lobes was almoſt full, and the other almoſt ſhrunk up; ſo. they 
continu'd to appear, after the receiver had been exhauſted : but upon let- 
ting in the air, not only the body ceas'd to be tumid, but the plump blad- 


der appear'd, for a while, ſhrunk up as the other; and the receiver being 


> . 


remov'd, the frog preſently revived, and quickly began to fill the lobe 
again with air. | en e DIE BT 2409 ee 
006. The heart of an eel being taken out, and laid upon a plate of tin, The notion of 


- 


na ſmall receiver; when we pereœiv'd it to beat there, as it had done in hae 


the open air, we exhauſted the veſſel,” and ſaw, that tho? the heart grew 3 _ 


very tumid, and, here and there, ſent out little bubbles, yet it con- expayfed re. 
tinued to beat as manifeſtly as before, and ſeemed to do ſo more ſwift- celver. 
Wy ; as we tried by counting the pulſations it made in a minute, whilſt it 

was in the exhauſted receiver, and when we had re-admitted the air, and 

1lſo, when we took it out of the glaſs, and ſuffer*d it to continue its mo- 


tion in the open air. The heart of another ee], being, likewiſe, taken out, 


Kontinu'd to beat in the empty'd receiver, as the other had done. 


. 1 . ” 


97. The heart of another eel, after having been included in an exhauſted 
Feceiver, and then accurately ſecured from leaking, tho? it appear'd very 
Eumid, continu'd to beat there an hour; after which, finding its motion 
Fery languid, and almoſt ceas'd; by breathing a little upon that part of 
e glaſs where the heart was, it quickly regain'd motion, which I obſery*d 
while; and, an hour after, finding it almoſt quite gone, I was able to 
ene w it, by the application of a little more warmth. At the end of the 
ird hour, a bubble, that appear'd to be placed between the auricle and 
e heart, ſeem'd to have, now and then, a little trembling motion; but 
was ſo faint, that I could no more, by warmth, excite it, ſo as plainly 
© perceive the heart to move: wherefore, I ſuffer'd the outward air to 
Wiſh in, but could not diſcern, that, thereby, the heart regain'd any ſen+ 
able motion, tho? aſſiſted with the warmth of my breath and hands. 
98. Sept. 10. A green-finch, having his legs and wings tied to a weight, 73, times 
as gently let down into a glaſs body fill'd with water; the time of hiswhereis . 
tal immerſion being mark*d. At the end of half a minute after that time, 2. may be 
e ſtrugglings of the bird ſeeming finiſh*'d, when being ſuddenly drawn Ar ” _ 
, again, he was found quite dead. — 1 * Noe Cf ring of the 
A ſparrow, very luſty and quarrelſome, was tied to the fame air, compared. 
Weight, and let down after the ſame manner; but tho' he ſeem'd to be 
Pore vigorous under water than the other bird, and continued ſtruggling 
moſt to the end of half a minute, from the time of his total immerſion ; 
uring which, there aſcended, from time to time, large bubbles from his 
outh) yet, being drawn up as ſoon as ever the half minute was com- 
eated, we found him, to our wonder, irrecoverably gone. 825 
©9. Aſmall mouſe, being held under water by the tail, emitted, from time 
ume, ſeveral aeriel bubbles out of his mouth; and, at laſt, as a ſpecla- 
r affirm'd, at one of his eyes: being taken out, at the end of half a mi- 
| nute, 
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PxzomarTicsnute, and a few ſeconds, he yet retain'd ſome motions: but they prop, 
only convulſive ones, which, at laſt, ended in death. 
100. We ſo tied a conſiderable weight of lead to the body of a duck, , 
not to hinder her reſpiration, yet keep her under water; which we had 
found a ſmall weight unable to do, by reaſon of her ſtrength ; and even 
a great one, if ty d only to her feet, in ſuch a middle. ſized veſſel as om 
was; becauſe of the height of her neck and beak. With this clog, 4, 
duck was put into a tub full of clear water, under the ſurface whereof, f 
continued quietly for about a minute; but afterwards began to be myg 
diſturb'd: the fit being over, and perceiging no motion in her, at thee 
of the ſecond minute, we took her outof the water; and, finding her hr 
good condition, after we had allow'd her ſome breathing - time, to recrij 
herſelf with freſh air, we let her down again into the tub, which, in tj 
mean time, had been filPd with freſh water; leſt the other, which hadhe 
troubled with the ſteams and foulneſs of the body of the animal, might 
either haſten her death, or hinder our perceiving what ſhould happen, 
The bird being thus under water, after a while, began, and, from tim 
to time, continued to emit bubbles at her beak. There, alſo, came ou x 
her noſtrils ſeveral real bubbles, from time to time; and when the aj. 
mal had continued about two minutes under water, ſhe began to ſtruggt 
very much, and to endeavour either to emerge, or change poſture; the 
latter of which, ſhe had liberty to do, but not the former. After fourni. 
nutes, the bubbles came much more ſparingly from her: then, alſo, ſhes 
gan to gape, from time to time; which we had not obſerv'd her to do 
fore, but without emitting bubbles; and ſo ſhe continued gaping tillner 
the end of the ſixth minute; at which time all her motions, ſome where 
were judg'd convulſive, and others that had been excited by rouzing he; 
appear'd to ceaſe, and her head to hang careleſly down, as if ſhe er 
quite dead. Notwithftanding which, we, for greater ſecurity, continutd 
her under water a full minute longer; and then, finding no ſigns of lit, 
we took her out; when, being hung by the heels, and gently preſs n 
convenient places, ſhe was made to void a conſiderable quantity of water: 
but whether any of it had been received into the lungs themſelves vt 
wanted time and opportunity to examine. All the means we uſed t tt 
.cover the bird, proving ineffectual, we concluded, ſhe had been dead ail 
minute before we removed her out of the water : ſo that, even this ver 
fol, was not able to live in cold water, without taking in freſh air, abort 
{x minutes. | & „ 55771 4 4 | | 
101. A duckling, having a competent weight ty'd to her legs, was let do 


into a tub of water, which reached not abovean inch or two above her beak: 
during the moſt part of her continuance wherein, there came out num 
rous bubbles at her noſtrils; but there ſeem'd to proceed more and gre 
er, from a certain place in her head, almoſt cqui-diſtant from her 2 
tho? ſomewhat leſs remote from her neck than they, Whilſt ſhe was bi 
in this condition, ſhe ſeem' d, frequently, to endeavour at diving * 
under water; and, after much ſtruggling, and frequent gaping, ſhe had“ 


Vela 


at tin 
bſerv' 
r mor 
«1 int 
J 11d | 
ed 1 
| dated 

103. 

ſuited 
> coull 
rarif: 
our e 
ht in 
Pirati 
Wer 
ach th 
nner. 
wg. 1 
Na hal 
Wt none 
new a 
d cont 
i tho? | 
over*d 
104. A. 
air, v 
rr'd by 


4 ar a qu: 


OL, 
C 


Phyfico-mechanical Experiments. 


ber throat upwards. . To this moveleſs poſture ſhe was reduc'd at the end 
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1 of the third minute, if not ſooner; but a while after there appear'd a ma- 
nifeſt tremulous motion in the two parts of her bill; which continu'd for 


ſome time, and was perhaps convulſive; but this alſo ceaſing at the end 


Jof the fourth minute, the bird was taken out, and found irrecoverable. 
102. A viper, that we kept in an exhauſted receiver, till concluded to 
have been quite dead, was, nevertheleſs, not thrown away, till I had try'd 
&what could be done, by keeping her all night in a glaſs body, and a warm 
Wigeſtive furnace; upon which, this viper was found, the next morning, 
not only reviy'd, but very lively. 


We therefore put her into a tall glaſs-body of water, fitted with a cork 


Jo its orifice, and depreſs'd it with a weight, ſa that ſhe could have no air. 


this caſe we obſerv'd her, from time to time; and after ſhe had been 


Wuck'd a while, ſhe lay, with very little motion, for a conſiderable time. 
Aſter an hour and a quarter, ſhe often put out her black tongue; at the 
Ind of near four hours, ſhe appear'd lively; and, as I remember, about 


at time alſo put out her tongue; ſwimming all this while, as far as we 


pſerv'd, above the bottom of the water. At the end of about ſeven hours, 
r more, ſhe ſeem'd to have ſome life ; her poſture being manifeſtly chan- 
ed in the glaſs, from what it was a while before. Not long after, ſhe ap- 
Far'd quite dead; her head and tail hanging down moveleſs, and di- 


ed towards the bottom of the veſſel ; whilſt the middle of her body 
dated as much as the cork would permit it. 


could; but I had other trials in view, wherein an extraordinary degree 
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7 veral convulſive motions, and then let her head fall down backward, with P*=v»47:cs 


10g. In the generality of our pneumatical experiments upon animals, Animals in 


ſuited with our purpoſe, to rarify the air as much, and as ſuddenly as #7 rege 7» 
| a conſiderable 


degree of rari- 


rarifaction, yet not near the higheſt to which the air might be brought faction. 


our engine, ſeem'd likelieſt to conduce ; as particularly to afford ſome 
ht in the nature of thoſe diſeaſes, that are thought primarily to affe& 


Piration, or its organs. | 


herefore having gages, by help of which ſuch experiments might be 
ich the better perform'd, I attempted ſeveral of them in the following 
nner. 
lag. 16. A linet being put into a receiver, able to hold about 4 pints 
Na half of water, the glaſs was well: clos'd with cement and a cover; 
none of the air drawn out with the engine, or otherwiſe. And tho? 
new alr was let in, nor any change made in the impriſon'd air, yet the 
F< continu'd there 3 hours, without any apparent approach to death; 
i tho? ſhe ſeem'd ſomewhat ſick, yet being afterwards taken out, ſhe 
over'd, and liv'd ſeveral hours. | 
104. Aug. 18. From the receiver above-mention'd, we drew about half 
ar, whilſt a linet was in the glaſs 3 and in that rarified air (which ap- 
W-1'd by a gage to continue in the ſame ſtate) the bird liv'd an hour and 


F ar a _ betore ſhe ſeem'd in danger of death ; after which the air 
0 L. II, 


. 2 2 2 being 


| 
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rer being let in, without taking off the receiver, ſhe manifeſtly recover'q nl 
/ leap'd againſt the ſide of the glaſs; and being taken out into the open Ry 
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ſhe flew out of my hand to a conſiderable diſtance. 
105. Sept. 9. Into a receiver, able to hold about 4 pints and a halt g 


water, we convey'd a lark, together with a 7 by the help whereof v BE V 
drew out + of the air; then obſerving the bird, we perceiv'd it to pant par 
very much. Having continu*d thus for a little above a minute and a haf the a 
the bird fell into a convulſive motion, that caſt it upon the back. a as we 
altho* we made great haſte to let in the air, yet before the expiration af a rot 
the ſecond minute preceding the convulſion, the lark was gone paſt all y. over 
covery, tho' various means were uſed to effect it. T E cloſe 
106. Sept. 9. Preſently after, we put into the ſame receiver, a gr, Fair a: 
finch ; and having withdrawn half the air, we ſoon began to obſerve ths laſt. 
bird, and took notice, that within a minute after, ſhe appear'd to be vey Jof gl: 
fick ; and ſhaking her head, vomited a certain ſubſtance againſt the inf boch. 
of the glaſs. Upon this evacuation the bird ſeem'd to recover, and cu. ver, 
tinue pretty well, but not without panting, till about the end of the four bande 
minute; when growing very ſick, ſhe vomited again, but much more u. degree 
queſt ionably than before; and ſoon after, eat up again a little of her. i ſigns i 
mit; upon which ſhe very much recover'd. And tho“ ſhe had in all ; i; upon 
of vomiting, yet for the laſt 7 or 8 minutes that we kept her in the re. press d 
ver, ſhe ſeem'd to be much more lively than was expected; which my, ed aii 
in part, be attributed to a little air that by an accident got in, tho it ns iN ved. 
immediately pump'd out again. At the end of a full quarter of an hi epeate 
from the firſt exhauſtion, the bird appearing not likely to die in a gait 109. 
while, we took her out. Mater, 
107. April 12. A new- caught viper was included, together with a gig he firſ 
in a portable receiver, able to hold about 3 pints and an half of wi. WW f then 
This veſſel being exhauſted, and ſecured againſt the return of the au, tit 2 theil 
animal was obſerv'd, from time to time, not only to be alive, but nizily Melder 
to put out, and to draw back her tongue, for about 36 hours after ſh: Wt pe war 
ſhut up; we therefore continu'd the veſfel longer in the ſame ſhacy e, — 45 
| . | ; i | 
where, over night; at the end of 60 hours, ſhe appear'd very dull and ht, — 1 
and not likely to live much longer. And the next, by the aftemoo, | hes 
found her ſtark dead, with her mouth open'd to a ſtrange widenets; wet 1 1 
fore ſuffering water to be impell'd, by the outward air, into the cavity 110 
the receiver, we found, by the water that was driven in, and afterwats wr , 
: ; heh as of * offi dS, W 
pour*d out again and meaſur'd, that five parts in ſix of the air in the = BT A 
had been pump'd out; ſo that in an arr rarified, till it expanded ic dich 4 
five or fix times its uſual dimenſions, our viper was able to lire 60 101% V 
and perhaps might have done ſo longer. em rec 
Animals in 108. In the preceding experiments, the animals were recover ont eee ale 
r. /ame par- gaſping condition, by letting in freſh air, and not the ſame that had be x 
2 * %o withdrawn from them; wherefore I thought proper to try, white nent l 
rarity and ſame portion of air, without being renew'd, would, by being So YT a wh 
denſity. much beyond its uſual degree, and reduc'd to it again, ſerve to b. 


A 


: 
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the above- mention'd effects. 8 
We included a mouſe in a fine, limber, clear bladder, made more tran- 


ſparent by oil rubb d on the outſide, that the ſmell of it might leſs offend 
the animal to be included, clipping off as much of the bladder at the neck, 
as we judg'd abſolutely neceſſary for letting in a mouſe 3 we allo provided 
a round ſtick, ſomewhat leſs than the orifice ; that the wood being laid 
over with a cloſe and yielding cement, we might tie the bladder faſt, and 
& cloſe enough, upon the ſtopple thus fitted. In the bladder was left as much 
air as we thought might ſuffice him, for the time the experiment was to 
laſt. Then putting this limber, or dilatable receiver into an ordinary one 
of glaſs, and placing this engine near a window, that we might ſee thro? 


both of them; the air was, by degrees, pump'd out of the external recei- 
ver, and thereupon the air included in the bladder, proportionably ex- 


panded itſelf, and fo diſtended the internal receiver, till being arriv'd at a 
degree of rarifaction, which render'd it unfit for reſpiration, I perceiv'd 


ſigns in this animal, of his being in great danger of ſudden death. Where- 


upon the outward air being haſtily let into the external receiver, com- 
preſs'd the ſwell'd bladder to its former dimenſions, and thereby the inclu- 
ded air to its former denſity; by which means the mouſe was quickly re- 
pvived. Having given him ſome convenient reſpite, the experiment was 


epeated with the like ſucceſs. 1105 


ere all moveleſs, and lay floating on the water; wherefore I open'd the 
ceiver; upon which the air ruſhing in, almoſt all of them preſently ſunk 


the bottom, but none of them recover'd life. D 


110. We afterwards included a leſs number of tadpoles in a ſmaller 


laſs, which was alſo exhauſted, with the like circumſtances as the for- 
Per. And when I found the other tadpoles to be dead, I haſted to theſe, 


nich did not, except perhaps one, give any ſigns of life; but upon let- 


Ig in the air, theſe having not been long kept from it, ſome few of 


Wm recover'd, and ſwam up and down lively enough; tho”, after a while, 
3 ele alſo died. 


111. I repeated the ſame experiment in a portable receiver, of a con- 


ö nent kind; and thoꝰ after the exhauſtion was perfected, the tadpoles, 
a while, mov'd briſkly enough, on the top of the water only, yet at 


” 3 $ 2 the 
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| animal to near the point of expiring, and revive him again; ſince, by the Pur rie, 
ſucceſs of ſuch a trial, it would notably appear, that the bare change of | 
ke conſiſtence of the air, as to rarity and denſity, may ſuffice to produce 


A : 


109, We put a large parcel of tadpoles, with a convenient quantity of Anu attempt 15 
Mater, into a portable receiver, of a round figure, and obſerv'd, that at ꝰ Trent the 
he firſt exſuction of the air, they roſe to the top of the water; tho? moſt . 4 8 
f them ſubſided again, till the next exſuction raiſed them. They ſeem'd, 4% pale 
y their active and wrigling motion, to be very much diſcompos'd. The or growth of 
eceiver being exhauſted, they all of them continued moving at the top of /e, in 
Fake water; and tho' ſome of them ſeem'd to endeavour to go to the bot- . 
m, and dived part of the way, efpecially with their heads, yet they were 
Wnmediately buoy'd up again. Within an hour, or a little more, they 


] 
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Pxromarrcs the end of an hour, they ſeem'd to be, all of them, quite dead, i 


The expanſion 
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continu'd floating. And, though, within half an hour after that, 1, 
the air; yet all the effect of it was, that the moſt of them immedinc 
ſunk to the bottom, as the reſt, ſoon after, did; none of them, tut 
could obſerve, recovering vital motion. 

112. We procured, by preſerving ſome rain - water, four or five of th 
odd inſets, whereof gnats have, by ſome, been obſerved to be generated 
about the end of Auguſt, or beginning of September. Theſe, for ſome 
weeks, live all together in the water, as tadpoles do; ſwimming up xy 
down therein, till they are ripe for a tranſmigration into flies: but inch. 
ding them with ſome of their water, in a ſmall glaſs receiver, which beje 
exhauſted, and very exactly cloſed, we kept, in a ſouth- window; det 
little creatures continued to ſwim up and down therein, for ſome few days 
without ſeeming to be much incommoded ; but at length, and all mug 
about the ſame day, they put off the habit they had, whillt they lived a 
fiſhes, and appeared with their Exuviæ, or caſt- coats under their fee; 
ſhewing themſelves. to be perfect gnats, that ſtood, without ſinking, uy 
the ſurtace of the water, and diſcovering themſelves to be alive, by tit 
motion, when they were excited to it; but I could not perceive them 
fly in that thin medium: to which inability, whether the viſcoſity of te 
water might contribute, I know not; tho? they lived a pretty while, til 
hunger, or cold deſtroyed them. 

113. The warm blood of a lamb or a ſheep, being taken as it waz, in 


of the bleed mediately, brought from the butcher's, where the fibres had been broker 


and other ani- 


mal flu ids. 


to hinder the coagulation, was, in a wide-mouth'd glaſs, put into ax 
ceiver, made ready for it; and the pump being fet on work, the air 
diligently drawn out: but the operation was not always, eſpecially atirl, 
fo early manifeſt, as the ſpirituouſneſs of the liquor would make one: 
pect ; yet, after a long expectation, the more ſubtile parts of the ba 
would begin to force their way thro? the more clammy, and ſeem to bi 
in large cluſters, ſome as big as great beans or nutmegs; and, ſometines 
the blood was ſo volatile, and the expanſion fo vehement, that it boiled 
over the containing glaſs; of which, when it was put in, it did notfilla- 
bove a quarter. 

114. Having, alſo, included ſome milk, warm from the cow, na q- 
lindrical veſſel, about four or five inches high, tho' the pump was not long 
ply*d, before any intumeſcence appear'd, yet, afterwards, when the ext! 
nal air was fully withdrawn, the milk began to boil, in a way, that us 
not ſo eaſy to deſcribe, as pleaſant to behold : and this it did for a pit 
while, with ſo much impetuoſity, that it threw ſeveral of its parts out 
the, wide-mouth'd glaſs that contain'd it; tho? there were not above W 
or three ounces of the liquor, which only half filled the glaſs. 


A yet greater diſpoſition to intumeſcence, we thought, we obſerv dn 


the gall; which was but ſuitable to the viſcoſity of its texture. 


The two laſt experiments were made with a deſign to ſhew how far r 
deſtructive operation of our engine, upon the included animals, nigh 
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nted in the blood, juices, and ſoft parts of the body, may, by their vaſt 
number, and conſpiring diſtenſion, variouſly contract the veſſels in ſome 
places, and ſtretch them in others; eſpecially the ſmaller, that convey the 
blood and nouriſhment ; and ſo, by choaking up ſome paſſages, and vitia- 
ting the figure of others, diſturb, or hinder the due circulation of the 
ET ood: for ſuch diſtenſions may cauſe pains in ſome nerves, and membra- 
nous parts, which, by irritating them into convulſions, may haſten the 
death of animals, and deſt roy them ſooner by that irritation, than they 
© would be deſtroyed by the bare abſence or loſs of what the air is neceſſa- 
© ry to ſupply them with. And, to ſhew, that this production of bubbles 
reaches, even to the very minute parts of the body, I ſhall add, that I once 
TS obſerved in a viper, furiouſly tortured in our exhauſted receiver, the crea- 
ture had a conſpicuous bubble moving to and fro, in the aqueous humour 
of one of its eyes. | 
# 115. To ſhew, that not only the blood and liquors, but alſo the other 
ſoft parts, even in cold animals, have aerial particles latent in them; we 
took the liver and heart of an eel, as alſo the head and body of another fiſh 
of the ſame kind, cut aſunder, croſs ways, beneath the heart; and put- 
ting them into a receiver, and upon withdrawing of the air, we per- 
ceiv'd, that the liver manifeſtly ſwell'd every way; and that both the up- 
per part and lower of the fiſh, did ſo, likewiſe. At the place, where the 
W:ivition had been made, there came out, in each portion of the fiſh, various 
Dubbles ; ſeveral of which ſeemed to riſe from the Medulla Spinalis, the 
avity of the back-bone, or the adjoining parts: and {the external air be- 
Ing let in, both the portions of the eel preſently ſunk ; ſome of the ſkin 
eeming to be grown flaccid in each. 


gel into a middle-ſiz'd receiver, in which, we alſo placed a mercurial gage. 76 


hereupon, the air in the interna] receiver, expanding itfelf, appear'd to 
ve blown the bladder almoſt half full; and the mouſe ſeeming very ill 
eaſe, by leaping, and otherwiſe endeavouring to paſs out at the neck 
f his priſon 3 we, for fear the over- thin air would diſpatch him, let the 
ir flow into the external receiver; whereby the bladder being compreſs'd, 
nd the air in the vial reduced to its former denſity, the little animal quick- 
recover'd. 
117. A while after, without removing the bladder, the experiment was 
Fepeated, and the air, by the help of the gage, reduced to its former degree 
f rarifaction z when the mouſe, after ſome fruitleſs endeavours to get out 
Pt the glaſs, was kept in that thin air for full four minutes; at the end of 
Which, he appear'd ſo ſick, that, to prevent his dying immediately, ++ 
i ; remoy* 


A 7 
7 


he imputed to the withdrawing of the air, whereby the little bubbles gene- P*zvmarrcs 


116. We included, in a vial with a wide neck, (the whole glaſs being z. PRs 

ble to contain about eight ounces of water, ) a ſmall young mouſe ; then uſe to 3 
d ſtrongly upon the upper part of the glaſs's neck a fine thin bladder, animals to ſup- 

It of which the air had been carefully expreſs'd ; and convey'd this vef- V benſelves 

his done, the air was, by degrees, pump'd out, till it appear*d by the —— far _ 

Wage, that there remained but a fourth part in the external receiver; ration. ; 
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PxevmariICs removed the external, and took out the internal receiver; whereupon, the 
he recover'd, yet *twas not without much difficulty; being unable tg 


ſtand any longer upon his feet; and, for a great while after, he contiqy 1 


manifeſtly trembling. 


118. But, having ſuffer'd him to reſt for a reaſonable time, Prefuming 
that uſe had inured him to greater hardſhips, we conveyed him again ini 


the external receiver; and, having brought the air to the former depre 
of rarifaction, we were able to keep him there for a full quarter of 1 
hour; tho? the external receiver did not at all conſiderably Icak; x y, 
pear*d both by the mercurial gage, and by the remaining dimenſion oft 
bladder. And, *tis worth noting, that till near the latter end of the 
quarter of an hour, the animal ſcarce at all appear'd diſtreſs'd 3 remaining 
ſtill very quiet. And tho', when he was put in, his tremblings were ye 
upon him, and continued fo for ſome time; yet, afterwards, in ſpigiiq 
the expanſion of the air he was then in, they ſoon left him. And, whe 
the internal receiver was taken out, he not only recovered from his faintig 
ſooner than before, but eſcaped thoſe ſubſequent tremblings. 
119. Encouraged by this ſucceſs after we allowed him ſome time tore 
cover his ſtrength, we re-convey*d him, and the veſlel wherein he was i. 
cluded, into the former receiver, and pumped out the air, till the mer 
cury, in the gage, was drawn down near half an inch lower than befar; 
that the air might be yet farther expanded. And, tho' this, at fil, 
ſeemed to diſcompoſe the little creature; yet, after a while, he grey re 
quiet, and continued ſo for a full quarter of an hour; when we caulcd tir: 
exſuctions more to be made, before we diſcovered him to be in mani 
danger, (at which time, the bladder appeared much fuller than bztor! 
but then, we were obliged to let the air into the outward receiver; wi 
upon, the mouſe was more ſpeedily revived, than one would have [i 
pected. MEND 
Now the air in which the mouſe liv'd all this while, had been clogzts 
and infected, with the excrementitious effluvia of his body; tor c 
ſame all along; we having, purpoſely, forborn to take off the bluicer 
whoſe regular diſtenſions, and ſhrinkings, ſufficiently manifeſted, tit the 
veſſel, whereof *twas a part, did not leak. i 4 
Air, become 120. We took a mouſe, of an ordinary ſize, and, having convey 1 
unfit for ve pi. into an oval glaſs, fitted with a ſomewhat long, and conlderably br, 
TS neck, that it might be wide enough to admit a mouſe, in ſpight * 
{ual preſſure. ſtruggling; we convey'd in, after him, a mercurial gage, in ru 
' had carefully obſery'd, and mark'd the ſtation of the mercury andi 
was fo faſten'd to a wire, reaching to the bottom of the oval gl, b 
the gage, remaining in the neck, was not in danger of being broken 1 
the motions of the mouſe in the oval part. The upper part of the on 
of the glaſs was, notwithſtanding the wideneſs of it, beretacally oY 
by means of a lamp, and a pair of bellows, that we might —_ J 
impriſon'd animal ſhould breathe no other air, than what fill'«! 


. . . Wh 
celver, at the time when it was ſealed. This done, the o_— 
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vutched, from time to time: and tho?, by reaſon of the largeneſs of the ? e 
veſſel, he ſeem'd rather drooping, than very near death, at the end of the 
ſeccond hour; yet, in about half an hour after, he was judg'd to be 
; quite dead, tho' we ſhook the veſſel, to rouze him. The gage manifeſt- 
eld no ſenſible change in the ſtation of the mercury; but cauſing the ſeal'd 
part of the glaſs to be broken off, I obtain'd, after a while, ſome faint to- 
© lens of life : tho*, I am not ſure, that they would have continued in a 
veſſel, where the air was ſo clogg'd and infected, if freſh air had not 
been frequently blown in by a pair of bellows, whoſe noſe was inſerted in- 
to the neck of the glaſs. This freſh air ſeem'd evident] y, tho? but ſlowly, 
co revive the gaſping animal, which I could not, conveniently, take out 
© of the glaſs, till he had gain'd ſtrength enough to make ule of his legs 
but after that, without breaking the glaſs, we took him out, and ſoon 
found him able to walk up and down. | 
# 121. A like experiment we, alſo, made with like ſucceſs, upon a ſmall 
bird, included, with a gage, in a receiver that would hold about a quart 
Jof water. The bird, in about half an hour, appear'd to be ſick, and 
drooping; the faintneſs, and difficulty of breathing, increaſing for about 
two hours and a half after; at which time, the animal died; the gage be- 
ing not ſenſibly alter*d, unleſs, perhaps, the mercury appear'd to be im- 
WE Epc! d up a little higher than when put in; which, yet, might proceed 
| from ſome accidental cauſe. 
122. To ſhew, that it is not want of coldneſs, but ſomething elſe in the 
included air, that makes it deſtroy birds pent up therein, which, by the 
Mot exhalations of their bodies, may be ſuppoſed to over-warm it; we 
nnade the following experiment. 
In a glaſs-vial, able to hold about three quarts of water, we herme- 
ically ſealed up a ſmall bird; and found, that in a few minutes, ſhe be- 
Wan to be fck, and pant. Theſe ſymptoms I ſuffer*d to continue, and 
h creaſe, till they had laſted juſt half an hour ; at which time, having pro- 
Wided a veſſel of water, with ſal- armoniac, newly put therein, to refrige- 
Ware it; and the liquor being thus made exceeding cold, the vial, with the 
ick bird, was immerſed in it, and ſo kept there for ſix minutes: yet it did 
zot appear, that the great coldneſs which muſt be thus procured to the 
mpriſon'd air, ſenſibly revived or refreſhed the drooping animal, who 
nanifeſtly continued to pant exceedingly. So that this remedy, proving. 
neffectual, the vial was remov'd out of the water; and the bird, ſome 
Fine after, many times ſtrain'd to vomit : and, afterwards, had evacua- 
Wions downward, before ſhe quite expired; which ſhe did, in almoſt an 
our, from the beginning of her impriſonment. 
$ 123. We made by diſtillation, a blood-red liquor, chiefly conſiſting of ſuch 7h 2 f 732 
Waline, and ſpirituous particles, as may be obtained from human blood; % te raiſe and 
Prhich is of ſuch a nature, that if a glaſs-vial, about half fill'd with it, 1 
Fept well ſtopt, it will reſt as quietly as an ordinary liquor, without ſend- confider'd with” 
s up any ſmoke, or viſible exhalation; but, if the vial be open'd ſo, that regard to re- 
e external air is permitted to come in, and touch the ſurface of the 1 — 
C with- 
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bperunaries within a quarter of a minute, or leſs, there will he elevated a co 
ſmoke, which not only fills the upper part of the glaſs, bu 
paſſes out into the open air, till the vial be again ſtopp'd. 

When this vial has lain ſtopp'd and quiet for a competent time, they. 

per half of it appears deſtitute of fumes, whereof the air, it ſeems, wil 
imbibe, and conſtantly retain but a certain moderate quantity; which m 
give ſome light towards the reaſon, why the ſame air, quite clogg'd vit 
ſteams, will not long ſerve for reſpiration. And if the unſtopp'd vi 
were placed in our vacuum, it would emit no viſible ſteams at all, not 
much as to appear in the upper part of the glaſs itſelf that held the liquey, 
but when the air was, by degrees, reſtored at the ſtop-cock, with 
moving the receiver, to avoid injuring its cloſeneſs, the returning ij 
would preſently raiſe the fumes, firſt into the vacant part of the vial, whens 
they would aſcend into the capacity of the receiver: and likewiſe, when the 
air, requiſite to ſupport them, was pumped out, they alſo accompanied, 
as their unpleaſant ſmell made manifeſt ; whilſt this red ſpirit, thousk 
0 remain'd unſtopp'd, emitted no more fumes, till the new air rs 
et in. 

$n2ils, a low- 124. Two ordinary white ſnails, without ſhells, differing in ſize, (tt 
worm, and « biggeſt being about an inch and a half, and the other about an incl n 
leech, in va- length) were included in a ſmall portable receiver, which was carefullyex 
88 hauſted, and ſecured againſt the return of the air; and preſently after, b. 
ing removed from the engine, it was eaſy to diſcern, that both the ſnail 
thruſt out, and drew in their horns at pleaſure; tho? their bodies had, n 
the ſofter places, numerous newly generated bubbles ſticking to them: a 
tho? they did not loſe their motion near ſo ſoon, as other animals, in on 
vacuum; yet, after ſome hours, they appeared moveleſs, and very tumil; 
and, at the end of twelve hours, the inward parts of their bodies ſeemed 
be almoſt vaniſh'd, whilſt they appeared to be two ſmall full-blown bl 
ders: and, on letting in the air, they immediately ſo ſhrunk, as if the 
bladders had been prick'd, the receding air had left behind it nothing bit 
ſkins: nor did either of the ſnails, afterwards, tho* kept for many tous, 

give any ligns of life. 

125. We included in a receiver, whoſe globular part was about the 
bigneſs of a large orange, one of that ſort of animals, vulgarly calbeſt 
or, ſlow-worms: having withdrawn the air, and ſecured the veſſel aint 
the return of it, we kept him there about forty-eight hours; during which, 
he continued alive, but appeared ſomewhar ſwell'd in his belly; his under- 
chap moving on the very firſt night, but not the day and night follow- 
ing. At length, by opening the receiver, under water, we perceiv', thi 
about half the air had been drawn out. As ſoon as the water was impel' 
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Panifeſt 
into the glaſs, the animal, which was before dull and torpid, ſeemed, Of 130. 
very nimble and extravagant motions, to be ſtrangely revived. Nee, or 


126, We took a leech, of a moderate bigneſs, and having included i, WA ly, fo 
together with ſome water, in a portable receiver, able to hold about u gs. 7 
or twelve ounces of that liquor; the air was pump'd out, aſter the uſual von 

manner; 
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manner, and the receiver being remov'd to a light place, we obſerv'd, that ?**vmaric: 
e leech keeping herſelf under water, there emerg'd from ſeveral parts of 
her body, numerous bubbles, ſome of them in a diſperſed manner, but 
others, in rows, or files, that ſeem'd to come from determinate points. 
Tho” this production of bubbles laſted a pretty while, yet the leech did not 
ſeem to be very much diſcompos'd. This done, we fet the receiver, which 
vas well ſecured from the outward air, in a quiet place, where we viſited. 
it, at leaſt once a-day 3 and found the leech ſomewhat faſten'd by her tail, 
to that part of the glaſs which was under water, and ſometimes wandring 
about that which was quite above water; and always, when we endeavour- 
ed to excite her, ſhe quickly manifeſted herſelf to be alive; and, indeed, 
Jappear'd ſo lively, after the full expiration of five natural days, that ex- 
pecting ſomething might have happen'd to the receiver, J open'd it under 
ater; when the outward air, impelPd in fo much of that liquor, as ſatis- 
Nied me the receiver was well exhauſted, 
127. Five or [x caterpillars, all of the ſame fort, being put into a ſepa- Ci ir 
Fable receiver of a moderate ſize, had the air drawn away from them, and /z#s in vacuo. 
carefully kept from returning. But, notwithſtanding this, I found them, a- 
bout an hour after, moving to and fro in the receiver; and even above two 
hours after that, I could, by ſhaking the veſſel, excite ſome motions in 
them, that did not ſuſpect to be convulſive. But looking upon them again, 
About ten hours after they were firſt included, they ſeem'd to be quite dead; 
Ind, tho? the air were forthwith reſtored to them, they continued to ap- 
pear ſo: yet leaving them all night in the receiver, I found, the next day, 
hat three, if not four of them, were perfectly alive. 
128. We took from an hedge a branch, that had a large cob- web of ca- 
Scrpillars in it, and dividing it into two parts, we put them into like re- 
Feivers; and in one of them ſhut up the caterpillars, together with the air, 
ut from the other it was exhauſted. Now, in that which had the air, 
he little inſects, after a ſmall time appear*d to move up and down as be- 
fore, and ſo continued to do for a day or two: but in that glaſs, whence 
he air had been extracted, and continued kept out, they ſhewed, after a 

ery little while, no motion that we could perceive. | 
129. Nov. 12. About 8 a- clock at night, there were taken four middle- Winged in- 
zed fleſh-flies, which having their heads cut off, were incloſed in a por-/##* in vacuo. 
ble receiver, furniſh'd with a large pipe, and a bubble at the end. As 
Won as the receiver was exhauſted, the flies loſt their motion; an hour or 

vo after, I approach'd them to the fire, which reſtor'd not their motion: 
herefore I let in the air upon them; after which, in a very ſhort time, 
Fey began, one after another, to move their legs, and one or two of 
em to walk. And having kept them all night, in a warm place, they 
panifeſted, for a while, ſome ſmall motion. 

| 130. Sept. 11. About noon we cloſed up ſeveral ordinary flies, and a 
Fe, or waſp ; all which, when the air was fully withdrawn, lay as dead; 
_ Go ly, for a very few minutes, ſome of them had convulſive motions in their 

gs. They continued in this _ forty-eight hours; after which, the 
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PxzvmaTICsAlr was let in upon them; and that not producing any ſigns of life, they we 
laid in the noon-day ſun: but none of them ſeem'd, in any degree, to * 
131, Dec. 11. We put a great fleſh-fly into a very ſmall portable tec. 
ver, where, at firſt, he appear'd to be very briſk and lively; but, a; * 
as the air was drawn out, he fell on his back, and ſeem'd to have convulſn 


| 5 be rea 
# during 


& loſe hi 


motions in his feet, and Proboſcis ; from whence he preſently recovers, m 133 
on letting in the air; which being drawn out again, he lay as dead: by, not on 
within a quarter, or half an hour after, I perceiv'd, upon ſhaking the n. dude. 
ceiver, that he ſtirr'd faintly up and down. This was done pretty ln ; ther, g 
over night, and next night I found the fly not to be ſoon revived, either, ME Wy 
warmth, or letting in the air. However, in a while after, he recover'd; u- 8 , * 
being, next morning, ſealed up again in that glaſs, and kept forty.-egt =_— 
Ju tho? at 
hours, tho? over the chimney, he died beyond recovery. q 

132. We took a large graſs-hopper, whoſe body, beſides the horns a 3 
limbs, was about an inch in length, and of great thickneſs, in propori 3 
to that length; and convey*d him into a portable receiver of an oval form, 1 ws. 
and able to hold about a pint of water; and having, afterwards, pune Som. 4 
out the air, till, by the gage, it appear'd to have been pretty well cum not ene 
out, we took care that no air ſhould re-enter. The ſucceſs was this. Fir 135 
tho? before the exhauſtion. of the air begun, the graſs- hopper appert Wane 
lively, and continued ſo for a while: yet, when the air began to be coi. be all c 
derably rarified, he ſeem'd to be very ill at eaſe, and to ſweat out of thx Suſt bef 
abdomen, many little drops of liquor, which being united, trickled dow They we 
the glaſs like a little ſtream, that made, at the bottom, a ſmall pools Pauſted 
clear liquor, amounting to near a quarter of a ſpoonful ; and by thatim . That th 
the receiver was ready to be taken off, the graſs: hopper was fallen upu em*d 
his back, and lay as dead. Secondly, tho? having, a little after, laidtt hen 1 
glaſs in a ſouth-window, on which the ſun then ſhone, I perceived lone dr a gi 

flow motions in the thorax, as if he ſtrained to fetch breath; yet, I wait lock, 
ſure but they were convulſive motions ; however, they laſted but a whileand We 
then the animal appeared to be quite dead, and to continue ſo fortir: Mhereir 
hours, from the removal of the receiver. Thirdly, that time beige: of ch 
Pired, the glaſs was open'd and the air let in; notwithſtanding vic, cept « 
there appear*d no ſign at all of life: but letting the glaſs reſt in acon- dntriva 
venient poſture, that the water which came from him, might not en. e engi 
ger him, for a quarter, or half an hour; tho? I then perceiv'd no ſigns0l dſerve 
lite, yet I caus'd him to be carried into a ſun-ſhiny place, where the beans de uſua 


of a declining ſun preſently began to make him ſtir his limbs, and, 10 ( 1.) 
ſhort time, brought him perfectly to life again. Igme, 
135. April 15. We took one of thoſe ſhining beetles called roſe flies, and eek aft 
having included it in a very ſmall round receiver, which we exhauſted, 
ſtruggled much whilſt the air was withdrawing z yet preſently after, | coul 
perceive but little motion: about ſix hours after, the fly ſeemed 9 
dead, and diſcover'd no motion upon that of the glaſs. And within abet 
an hour more, tho? I let the air ruſh in, yet no ſign of life enſued, neitae 
immediately, nor for a pretty while after. So that ſuſpecting the belle . 
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5 upon, I caus'd the glaſs to be again exhauſted, and ſecur*d from the air; 
during which time, the animal ſeem'd to be much diſquieted, but did not 
© loſe his motion, ſoon after. | 
134. With butter-flies I made ſeveral tryals, and, having obſerv'd them, 
not only to live, but to move, longer than was expected; I choſe to in- 

clude ſeveral of them in receivers, ſomewhat large, that I might ſee, whe- 
ther, in ſo thin a medium, ſome or other of them, by help of their large 
wings, would be able to fly. But, tho”, whilſt the air continu'd in the 

ET olaſſes, they flew actively, and freely up and down; and tho', after the 
E exhauſtion of the air, they continu'd to live, and were not moveleſs; nay, 
© tho? at the bottom of the receiver, they would even move their wings and 

flutter a little; yet, I could not perceiveany of them to fly, or have a pro- 

greſſive motion, ſupported by the medium, only. And, by frequently in- 
Fverting the receiver, which was long, they would fall, like dead animals, 
without diſplaying their wings, tho”, juſt as they came to touch the bot- 
tom, ſome of them, would, ſometimes, ſeem to make uſe thereof, but 
Mot enough to ſuſtain themſelves, or break their falls. 


135. A number of ants being included in a ſmall portable receiver, ex- 73, nec eſity of 


auſted about noon; between ſix and ſeven in the evening, they ſeem'd to air, 10 the ns. 
f tion even of 
ants and mites. 


de all quite dead; and the rather, becauſe, tho? they appear'd very lively 
a Juſt before they were ſeal'd up, running briſkly up and down the bubble 
Whey were in; yet, they grew almolt moveleſs, as ſoon as the air was ex- 
} Hauſted ; and a little while after appeared more ſo: tho? I a little ſuſpected, 
e What they were much incommoded, by ſome glutinons ſubſtance, that 


t zem*'d to have got into the receiver, from the vapours of the cement. 
I WV en upon opening the glaſs, the air ruſhed in, no ſign of life appear'd, 
I dr a great while, in any of the ants: but next morning, about nine a- 


lock, I found many of them alive, and moving about. 

| We convey'd a number of mites, together with the mouldy cheeſe, 
Wherein they were bred, into three or four portable receivers, which were, 
W of them, very ſmall, and not much differing in ſize. From all of theſe, 

cept one, we withdrew the air; and, then, making uſe of our peculiar 
dntrivance to hinder its return, we took them, one after another, from 
Pe engine, and laid them by, for further obſervation. That wherein, to 
dſerve the difference, we left the air, was ſealed at a lamp-furnace, after 
He uſual manner. Our trials afforded us the enſuing phenomena. 
(I.) The mites, incloſed in the ſmall glaſs, that never came near the 
Egine, continu'd alive, and able to walk up and down, for above a full 

reck after they had been put in; and poſſibly, would have continued much 
pnger, if the glaſs had not been accidentally broken. 
..) As ſoon as ever one of the receivers was remov'd from the engine, 
$look'd with great attention upon it; and tho, juſt before the withdraw- 
Ns of the air, the mites were ſeen to move up and down in it; yet, within 
Je minutes, after the receiver was apply'd to the engine, I could diſcern 
chem no life at all; nor was any perceived by younger eyes than mine. 
. Aaaa 2 Nay, 


1 
1 
5 
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be really dead, I yet, three or four hours after, found him lively. Where- P>2umarics 
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PxzuwAaTics Nay, by the help of a double convex-glaſs, I was not able to ſee an 


them ſtir up and down. And no motion was taken notice of in the gy, q K o 
ſmall receiver of a like ſhape and bigneſs. About an hour after, I loo d ; 5 | 
on the receiver attentively again, but could not perceive any of the mitt mals, 


ſtir; and the like unſucceſstul obſervation I made two or three hours after 
; that. And at firlt letting in the air, to try if the mites were not quite dea 
I could not perceive, upon its ruſhing in, any of them to ſtir : yet, 11, 
the receiver unſtopt as it was in the window, upon a ſuſpicion, that they 
Might not be able to exerciſe its operation upon them, in a ſhort time, 

(3.) And, about two or three days after, I found a number of my liq, 
animals reviv'd; as an attentive eye might eaſily perceive, by the main 
of certain little white ſpecks, when aſſiſted to obſerve it by little mar; 
that I made on the outſide of the glaſs, (which was purpoſely choſen bin 
and clear) near this, or that mite, with a diamond; by the approach u 
or receſs from which marks, the progreſſive motion became, perhay, 
within a minute, plainly diſcoverable ; eſpecially, if, when the eye Net 
ceiv'd little white ſpecks, that look'd like mites, the receiver ſhould beg 
turn'd, that the bellies and feet of thoſe little creatures were uppermot; 
notwithſtanding which, they would not eaſily drop down, but continy 
their motion: and theſe ſpecks being made upon the concave ſurface ofth 
thin glaſs itſelf, were thereby render*d much more eaſily viſible. 

(4.) But becauſe it doth not, by the third phenomenon, appear, whether 
in caſe our mites had been kept in a moveleſs ſtate, for a much longer 
time, than three or four hours, they would have been recoverable, by tt 
admiſſion of the air; I ſhall add, that one of the portable receivers, abo 
mentioned, being exhauſted, and carefully ſecured from the air, was ket 
from monday morning to thurſday morning: after all which time, beingu- 
able todiſcover any ſigns of life, among the included mites, the air was tn 
upon them, which ſoon had ſuch an operation upon them, that both h 
others could plainly ſee them creep up and down in the glaſſes again, 

Ar attempt s 136: Having procured a large number of ſilk-worms eggs, and caſt 
produce lie ing three very ſmall receivers to be purpoſely made, that differ*d very little,eithet 
crea rem in fizeorfigure 3 weconvey'd into each of them, together with a ſmall fock 
of mulberry leaves, ſuch a number of eggs as, we thought, made itmorally 
certain, that at leaſt, ſome of them ſhould prove prolifick. This done, vt 
carefully exhauſted one of our receivers, and ſecured it againſt the return d 


the air; and the two others were left full of air: but having left in the ont Bf fore ki 
a little hole for the air to get in and out at, we ſtopped the other ſo clot, u'd, ti 
to hinder all intercourſe between the internal and external air. Thins pe of 
being thus prepared, we expoſed the receivers to a ſouth window, wher punding 
they might be quiet, and where I either came, or ſent to look on ther Woes, w 
from time to time; the ſpring being then ſo far advanced, that I ſupp® „ee egg, 
the heat of the ſun would be, of itſelf, ſufficient to hatch them, in 0 pandec 
Jang time. And both I, and others, took notice, that, in the u ough t 


hauſted receivers, there were ſeveral eggs hatch'd into little inſects, tht 
perforated their ſhells, and crept out of them; tho, afterwards, for 7 
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f the eggs, in theſe receivers, began to afford us little ani- 
; _ Ty = — 8 the eggs, in the exhauſted receiver, afforded 
5 ow i ſo many more, that we left off to expect any from them. 

We took ſeveral of thoſe little ſwimming creatures, which in autumn, 
$ eſpecially towards the end of it, are turn'd into gnats; and, having put a 
convenient number of them together, in a fir quantity of rain-water, 
ET wherein they had been found and kept, into a ſmall receiver; the air was 
? pump'd out, and the veſſel ſecured againſt its return, and then ſet aſide in 
ga place, where I could obſerve, that, on the day after, ſome of theſe little 
animals, were yet alive, and ſwimming up and down, not without minute 
bubbles adhering to them; but in a day or two after that, I could not 
perceive any of them alive: nor did any of them recover, upon the ad- 
miſſion of freſh air. Indeed, the weather was ſo cold and unſeaſonable, 
hat a number of theſe little creatures, put up with water in another 
all receiver, all died within a few days, tho' none of the air was exhauſt- 
ed. And ſeveral that I kept in an ordinary glaſs, which was often unſtopp'd 
To give them freſh air, periſh'd very faſt. 


Ind by pumping the air out of it, we made bubbles both in the egg. 
d the vial, to diſcloſe themſelves in great numbers; fo that the liquor, 
Mn the glaſs-egg, ſeem'd to boil, and caus'd all that was in the ſhank, to 
un over. When we thought the water was ſufficiently freed from air, 
e took out the glaſſes, and fill'd up the ſhank of the egg with water 
ken out of the vial, and inverted it into more of the ſame water, in ſuch 
danner, that the egg was quite full, ſhank and all, excepting a ſmall 
ubble of air, that we, purpoſely left, to gain the top of the egg ; where 
e meaſured it as accurately as we could, and found it to be a tenth, and 
Fs than two hundredths of an inch. Then putting the glaſſes again into 
the receiver, the pump was work'd, and the little bubble, after a while, 
gan to expand itſelf; which, when it had once done, it, at each ſuck, 
angely increas'd, till, at length, it drove all the water out of the round 
rt of the glaſs. And, leſt it might be objected, that *twas only the 
bliding of the water, upon the withdrawing of the outward air, that 
fore kept it up to the top of the glaſs ; we caus'd the pumping to be con- 
u'd, till the expanded air had, ſeveral times, driven the water, in the 
pe of the egg, a pretty way beneath the level of the external and ſur- 
dunding water in the other glaſs. This done, we let in the air, by de- 
Fees, with a deſign to obſerve what bubble we ſhould find at the topof 


de egg, when the water ſhould be again driven up into its cavity. But the 
$panded air had forced over ſo much water, that there remain'd not 

ough to fill the globular part of the egg. We, therefore, made the ex- | 

riment again; and, when we had proceeded thus far, compar'd the 
Pove-mention'd diameter of the ſmall bubble, with that of the ſpherical 


part 


2 
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7 of change of food, or air, or both, few, or none of them, proved bah 


137. We took a round glaſs- egg of clear metal, and furniſh'd with a 93, arprizing 
Mank, ſome inches in length; this we fill'd with water, and convey'd both rarifa#ion of 


It, and a vial, containing water, into a receiver, of a convenient fize ; 2 3 


550 


Phyfico-mechanical Experiments. 


| PaEUMATICS part of the glaſs, which we took with a pair of callaper- compaſſa a 


— 


tho? we found it to be ſomewhat more than twenty times as great, er 
ſuppoſed the two diameters to be only as 1 to 20; and, conſequey, 
ſince the proportion between ſpheres is triplicate to that of their diane 
the air appear'd to have, by expanding itſelf, poſſeſs*d eight thouſand th 
the ſpace it took up before. Nor was it overſeen by us, that ſuch ol 
as we uſed, are ſcarce ever ſpherical. But Dr. Wallis, who aſſiſted h 
experiment, concluded, with me, that the cavity of the ſhank, from yy, 


the expanded air drove the water, which we did not compute, yy 


make abundant amends for any inaccuracies. After this, for farthe ;, 
tisfaction, we took water, laboriouſly freed from air; and, Putting it iy 
the ſame glaſs-egg, we inverted it, as before, but left not any bubble 
it. This we did, that, in caſe we could make the water ſubſide, dg 
periment might prevent a ſuſpicion, that ſome air, latent in the water, 
creaſed the bubble, formerly left in it. Having, then, exhauſted the, 
ceiver, at leaſt as much as before; the water, in the egg, did not at alli 
fide : but at length, with obſtinate pumping, a bubble diſcloſed ite a 


drove all the water clear out of the round part of the glaſs. And tho, by 


reaſon of ſome ſmall leaks, that we could not find, or ſtop, we were nh} 
as before, to make the expanded air depreſs the water in the ſhank, beat 
the ſurface of the external water; yet we wanted very little of it: a0 
then, giving over, we found, that when the water was impell'd up aj 
into the egg, there was, at the top of it, a bubble, whoſe diameter 
meaſur*d, and found it to be to the diameter of the globular part df t 
glaſs, as 1 to 14: ſo that, though the little bubble had been a perfect ſe 
it muſt, when expanded, have been 2744 times as big as when unexpandt. 
But Dr. Wallis, obſerving the great thinneſs of the bubble, poſitive 
firm'd, that he could not eſtimate it to be, at moſt, any bigger tate 
third part of a perfect ſphere of that diameter: by which eſtimat, te 
expanſion of the bubble muſt have reach'd to 8232 times its nature 
menſions. Yet by letting as much water into the receiver as it wouldat: 
mit, we found, that we had not exhauſted all the air. 

138. At another time, a ſmall, and almoſt inviſible bubble, expanded 
itſelf, when the ambient air was pretty well exhauſted to moi than 
ten thouſand times its former extent. We took a ſmall bolt-head, vom 
at a lamp, which contain'd, in all, about eighty grains of water; 10 
inverting the ſmall neck into a jar of water, it was included in tit 
receiver; and the ambient air being exhauſted, numerous bubbles t 
out of the water, and, expanding, quickly drove all the water out ot 
bolt-head. Then, re- admitting the outward air, the bolt-head was if 
ſently almoſt fill'd, and all the expanded air ſhrunk into a bubble lt 
bigger thana ſmall pin's head; when, taking the bolt-head out of the 
ter, and inverting it, that the bubble might get out at the neck, we a 
fully fill'd it up with the water that had been freed from air; and, the 


inverting it, as before, into the jar with water, we again included l 


and, after ſome exſuctions, found, that there was got out of the " 
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e olaſs. Then, again exhauſting the receiver very well, we found it ex- 
andi itſelf, ſo as to fill the capacity of the bolt-head,and to drive out almoſt 
Ul the water. And, upon re-admitting the air, it again ſhrunk into a 
Eble, whoſe diameter (according to our beſt eſtimate) was not more than 
two and twentieth part of the diameter of the head of the above-mention'd 
Hass; ſo that, to fill the whole cavity of the head only, it expanded itſelf 
648 times: but becauſe it fill'd, likewiſe, the greateſt part of the neck, 
e found, by weighing the water which fill'd that part, and the water 
hich fill'd the head, that the capacity of that part of the neck, was al- 
& oft a third of the capacity of the head; being as 141 to 48 1. If, there- 
Pre, 481, the capacity of the head, contain'd it 10648 times; 141, the 
pacity of the neck, muſt contain it 3121 HA times; ſo that in all, the 
all bubble of air was expanded to above 13769 times its former bulk. 
The diameter of the ſmall bubble contracted, was z+ inch, 
The diameter of the outſide of the head of the glaſs was 22. inch. 
The water, that fill'd the head only, weigh'd ſixty grains and a half. 
The water that fill'd the head, and as much of the neck as the air had 
fore expanded itſelf into, weigh'd ſeventy-eight grains, and one eighth; 
hence that part in the neck weigh'd ſeventeen grains, and five eighths. 
ee bolt-head itſelf weigh'd fifteen grains. 

130. We tried this experiment again, and found a ſmall bubble, much 
out one twelfth of an inch in diameter, filPd not only the ball at the 
of the bolt- head, (which was an inch and a half in diameter,) but the 
Hole neck, which contain'd near as much water as the head; and beat 
wn the ſurface of the water within the pipe, much below that of the 
ter external to it. 
Theſe experiments may give riſe to inquire, what figures and motions 
he particles of the air, can explain ſuch a wonderful rarifaction, per- 
ds, without quite loſing its durable ſpring; how the air comes to be ra- 

ble ſo many times more without heat, than hitherto we have found it 
beat; and, laſtly, what might, reaſonably, be conjectur'd about that 

Ft of the cavity of an exactly cloſed glaſs, where tho? the eye diſcovers 
iſible ſubſtance, it appears not, that the common air adequately fills 
uch as the ten thouſandth part. 


perties ĩt either gains or loſes by confinement *. 
0 attempt ſomething of this kind, I cauſed a good bubble of glaſs, 
ha ſtem, to be ſo blown at the flame of a lamp, that whilſt the ball wag 


Mr Haus kbee has ſhewn, by experi- natural tone and temper ; and that this 
1 chat the ſpring of the air may be tone will be as the force employ'd, or its 
urb'd by violent preſſure, as to re- continuance in ſuch a violent ſtate. Hauksb, 


2 conſiderable time to recover its Experim, p. 110.112. and p. 162---166. 
2 yer 


to the neck, a very conſpicuous bubble, which, upon admitting the Przumarree 
ir, ſhrunk almoſt into an inviſible one, and aſcended into the head of | 


40. It has not, that I know of, been attempted to diſcover, whether 23% duration 

ur either in the utmoſt, or in the intermediate degrees of rarifaction we of 74e /pring 

bring it to, retains a conſtant and durable elaſticity ; and what other , expanded 
air. 
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PNEUN ATICS yet exceeding hot, and conſequently, contain'd none but highly Tarife, 
| air, the ſtem was ſuddenly ſeal'd up. This bubble, many months of * 
I inverted into a baſon of water; and, having broken off the ſcal 1 

the ſurface of it, the liquor was violently impell'd into the cavity, yet * 

not able to fill it; a conſiderable part being defended from the Cate 

aſcent of the water, by the ſpring of the remaining air; which, for al h 

long ſtretch it had been put co, had not, that we obſerv*d, loſt any this 

of its ſpring. At another time, leaving a very ſmall proportion or aj 
the folds of a fine limber bladder, whoſe neck was very cloſely tied; by 


wher 
der ſt 
but le 
get in 
hol! 
our ey 
to ob! 
chree 


the help of the air- pump, it was ſo expanded, that at length, it ſer} A e 
to fill the whole bladder, and reduce it to the extent it had, juſt he z bd in 
*rwas empty d. And the bladder, by a peculiar contrivance, was on. a 
cluded in another veſſel, that, being protected from the outward att, ? 142 
maintain'd its tumid-figure ; and in that unwrinkled ſtate it continued ia | ry p 
near three years. a fra 

I, afterwards, contrived an inſtrument, fit to diſcover how long ar, e orizo. 
brought to the greateſt expanſion I could conveniently reduce it to in m ole m: 
engine, will retain its ſpring ; and by what degrees, or ſtages, and .. 3 
riods of time, the decreaſe, if any happen, is made. But J could not he bot 
its means, obſerve any remarkable diminution in the air's elaſticity, ty! Mie. and 
it was preſs'd, and as it were, clogg'd with a weight, which one youll G bout t 
wonder how it could, when *twas ſo highly rarify*d, ſupport for oem N eing n; 
nute. And in one of them, we found not, in ten weeks time, any ca. AG nds 
fiderable variation; for the little ſhrinking of the air, diſcoverable by u Wer the 1 
attentive eye, might be probably, aſcribed to the change of the weater Wir with; 
to a far greater degree of coldneſs. Wated, v 

I alſo, contriv'd a little portable inſtrument, wherein the air bzingn- WM 3 1 


panded, as one may gueſs, to five or {ix hundred times, (perhaps a tho 
fand times) its wonted extent, has not only, for a long time, preſeredis 
ſpring 3 but alſo, tho? very much dilated, without heat, the heat of tit 
hand, apply'd to the outſide of the veſſel, has a quick, and very nuit 
operation; and upon the withdrawing thereof, the air quickly returns t0 
its former dimenſions, and temper ; ſo that it may be employ'd1 kind 
of weather-glaſs. 
141. A cylindrical glaſs, blownat a lamp, and having a long ſtemcoming 
out at the unſeal'd end, was quite fill'd with water, and inverted nt 
more, placed at the bottom of a large pipe, ſeal'd at one end, and of titt 
or four feet in length; this external pipe was exhauſted, till the air, tal 
diſcloſed itſelf in the water of the internal one, had forc'd out the wilt 
in the cylindrical glaſs, as low as the upper part of the ſtem ; at wf 
| great expanſion of the air, the external pipe, being ſpeedily and ſecure 
| 2 cloſed by a certain contrivance, the air thus rarify*d, was kept ſome 
2 times in my own chamber, that was warmer; ſometimes in an under Too 
and after it had been kept, from firſt to laſt, about eleven weeks 
three months, without any other remarkable variation, than that 0 


.cold room, the water aſcended a little at that part of the internal pie 
W . 
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ger ſtem. At length we broke off the cloſed apex, when the water was 
but leiſurely (becauſe of the ſlenderneſs of the orifice made for the air to 
get into it) impell'd up into the deſerted cavity of the cylinder, which it 
E wholly filled, except a little bubble, exceeding ſhallow. We made uſe of 
W cur eyes, at a fit diſtance, and of compaſſes, both ordinary and callaper, 
do obtain theſe meaſures. The cylindrical part of the internal pipe was 
mree inches in length; and three fifths of an inch, or leſs, in diameter, on 
q the outſide. The bubble was two tenths in diameter, and about two hun- 
W Jredths in depth. From all which, according to Dr. Wallis, who aſſiſt- 
ed in the experiment, the natural bubble was, to the ſpace it poſſeſſed, 


when expanded, as 1 to 1350. 
1 


"4 


orizon, and the globular part ſupported by ſuch a veſſel, that thorough a 


e bottom of the frame. This done, we took a large proportion of beaten 
ee, and mix'd it with a due quantity of bay- ſalt, and not only laid it round 
out the lower part of the ball; but the veſſel, contiguous to that part, 
ing purpoſely made with turn'd-up brims, we heap'd up the frigorific 
Wixture, ſo as to bury the whole ſpherical part of the glaſs in it, and co- 
r the very top of it therewith to a conſiderable thickneſs ; whereby the 
Wir within being exceedingly cooled, the water, in which the ſhank termi- 
Wated, was made to aſcend faſt along the cavity of that ſhank, till we per- 
Weived it would reach no higher: but, after a while, it began to ſubſide 
uin; which nick of time being carefully watched, we made a mark at 
e higheſt ſtation of the fluid, and then tak ing out the bolt-head, we fill'd 
with water; allowing for that ſmall part of the ſtem which was im- 
rsd at the beginning of the operation. This water weighed nineteen 
ncces, and ſix drams ; then weighing as much water, as ſufficed to fill the 
nl up to the mark before-mentioned, we found that to be one ounce 
d three drams; by which number, the former being divided, the quo- 
nt is 14 rt drams : ſo that the proportion of the two quantities of water, 
ng as 11 to 138, the ſpace into which the air was condenſed by refrige- 
non, was to the ſpace it poſſeſſed in its former ſtate of Jaxity, as 147 to 
8 3 and, conſequently, the greateſt condenſation, that ſuch a time of the 
pr, ſuch weather, and ſo high a refrigeration, could bring the air to, 
de it loſe but r of its former extent. 

But, in the following condenſation, or compreſſion of air, tho! cold were, 
led, employ'd, yet that could not contract the air to any thing near 
h a degree, where the frigorafic mixture did not primarily, or immedi- 
ly, compreſs the included air; but only fo affected the water that was 
t up with it in the ſame veſſel, as to make it ſwell, and, conſequently, 
pd the aerial particles into leſs room. 

ol, II. Bbbb The 


where the lower-end of the cylinder gradually lefſen'd itſelf into the flen- P* vm arren 


= 142. After the middle of September, on a ſun-ſhiny day, about noon, we 73- conder/:- 
Wool a bolt-head, or round vial, furniſh'd with a long ſtem, and placed it tion of the air 


1} - | Fine 
In a frame purpoſely provided, fo that the ſtem was perpendicular to the 2 — its 


on h / without me- 
hole made in its middle, the ſhank reached downwards, till the orifice of chanical! en 


We was a little immers'd beneath the ſurface of a glaſs of water, placed at ge. 
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Theſurprizing 
difference in 
extenſion of the 
' ſame quantity 
of air rarified 
and compreſs'd. 


' poſed to have by nature, unaſſiſted with art. 
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The experiment was this. We took a new glaſs bolt-head, with a my f 
not long, and filled it ſo far with common water, that, being hermetical the 
ſeaPd, the liquor reach'd within three inches of the top; and making 2 rari! 
eſtimate of the ſharp end, left ſo for the conveniency of ſealing up the out 
glaſs, we gueſs'd it to be about a quarter of an inch in length; then, 2 mul 
plying ſnow and ſalt to the lower part of the bolt-head, we readily cron 520, 
out the water further and further into the neck, till at length it was goti | exce 
to the baſis of the ſharp conical end, where the glaſs was ſeal'd; and then lels, 


Juſt as I was looking upon it, the glaſs flew, with a noiſe, about my ein; 
being broke into many pieces, which argued the compreſſion of the at 
to have been very great. And Dr. Wallis, who was preſent, and me. 
ſur'd it from time to time, deſfir*d me to regiſter the 1 with hi 
eſtimate 3 which is, that the air was reduced into the fortieth part of i; 
former dimenſions. 

This condenſation of the air is the more ſurprizing, becauſe ſome of th 
greateſt mathematicians of our age, have not, with wind-guns, and other 
torcible engines, been able to crowd the air into leſs than the fifteenth put 
of its uſual extent. 

143. Tho? we could not find, that cold, in our climate, would redue 
the air into near the twentieth part of its natural ſpace, by condenfatin; 
yet, heat will advance it to near ſeventy times its uſual laxity, by nt. 
faction. 

But, as by engines, and artificial contrivances, the air may be twour 
three times more compreſs'd, than naturally it is, even in froſty weathe; 
ſo, on the other ſide, it may, by means of art and inſtrumenss, bemut 
more rarified, and expanded, than has been hitherto found, by the bur 
application of external heat, even that of an intenſe fire, 

We may, alſo, obſerve, how much the utmoſt degree of its rarifaz 
by. heat, mention*d by Merſennus, falls ſhort of the degree to which tus 
been advanced in our pneumatical engine; the proportion betwixt thetn0 
being that of about-1 to 0. 2 "He 

But the air we make our trials with, upon the ſurface of the earth, Is 
not, properly, in a free and indifferent ſtate, with regard to rf 
and condenſation ; but already highly compreſs'd by the weight of deu 
moſphere reſting upon it; whilſt the air to be rarified, has, by virtue a 
its ſpring, a ſtrong tendency to dilate itſelf. | | 

Here, then, ſeems to be a ſurprizing mutability of the air, as to ratly 
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þ . 4p | . / Tak „ compre 
and denſity; whereby the ſame quantity of air, being, ſometimes, cu wosphere 
preſs'd, and ſometimes dilated, may change its dimenſions to a dete, gra, 

f d art; and, Mn, ol 
that ſeems, almoſt, to tranſcend the power of nature and art; on thee: 
conſequence, might, probably, be rejected as incredible, if it were abrupt te, « {1 
and nakedly propoſed : for, we can ſcarce ſafely put determinate oy 7 of t 
the ſtupendous rarity, which the upper part of the atmoſphere, being, emi-di 


moſt totally, uncompreſs'd, by incumbent particles of air, may be {vj 


0 


 Phyſico-mechanical Experiments. 555 


o compare together the ſmalleſt extent to which we have reduc'd Prem aries 

q 7a. 1 57 — and the greateſt to which we have advanc'd ir by SVN 
rarifaction 3 the extent of the ſame quantity, highly rarified, is, to leave 

out ſome odd hundreds, 13,000 times greater than before; which, being 

multiplied by 40, the degrees of the air's compreſſure, it will amount to 

© :20,000, for the number of times, by which the air, at one time, may 

exceed itſelf in bulk at another: a difference truly ſurprizing, tho, doubt- 

© 1:6, it might be carried vaſtly higher ! * | 


„ FW, 4 


W 77 Efore we proceed to our other pneumatical experiments, 'tis neceſſa- 
| ry to premiſe, what relates to the improvements of the chief en- 
zine, wherewith they were made, and to the other inſtruments employ'd 


therein. 5 | | | | | 
nn our engine, with a double barrel, for exhauſting the air, AA, are 4 4:/eription 
vo pumps made of braſs. 1 of an engine 


, 


| „ n 5 15 with a double 
BB, two ſuckers or Emboli, hollow within, and open below. __ 1 ee 


Cc, two holes in the upper part of the ſuckers, with valves opening hauling the 
Wutwards, to let the air eſcape, and hinder it from coming in. air. 

= DDDD, iron rods, ſerving to move the Emboli, being annex'd to them. Fig- 68. 
EE, two flat iron ſtirrups, at the top of the rods DD, on which the 

Wpcrator muſt ſtand to work the engine. £2.81 

GGG, a cord join'd to the two ſtirrups, and running in the pully H. 


® Air, near the earth's ſurface, poſſeſſes a- 1 with us in a far greater proportion, 
put 850 times the ſpace of an equal * than that of all the ſpace below the 
Weight of water; and, therefore, ſays Sir orb of Saturn, to the ſphere of an inch 
Wc Newton, “a cylindrical column of diameter. Conſequently, ſuch a ſphere 
FR Ws air, $50 feet high, is of the ſame weight * of our air, of the rarity it has at the 
1 Vith a column of air a foot in height, height of a ſemi-diameter of the earth, 
and of the ſame diameter. But a co- * would fill all the regions of the planets, 
Jumn of air, reaching to the top of the * as far as the orbit of Saturn, and vaſtly 
atmoſphere, is equal in weight to a co- « farther!” Newton. Princip. p. 470. | 
umn of water, about 33 feet high; if, This prodigious degree of rarifaction, | 
therefore, the lower part of the whole ſeems unintelligible to Sir /aac Newton, by 


he at perial column of 850 feet high, be de- feigning the. particles of air to be ſpringy 
Are hi pucted, the remaining upper part will and ramous, or rolled up like hoops: or, 
be equal, in weight, to a column of wa- by any other Mans than a repulſive pow- 


ter 32 feet high. Now, fince the air er; which i much greater here than 


compreſs'd, in proportion to the in other bodies, becauſe air is very difli- | 
atmoſphere that reſts upon it; and cultly generated out of very fix'd Bodies: | 
ince gravity is reciprocally as the and ſcarce without the aſſiſtance of fer- | 
qQuare of the diſtance of the place mentation ; for thoſe particles recede from 
rom the earth's centre; I have found,” one another with the greateſt force, and | 
| he, „ that air, in aſcending from the are moſt difficultly brought together, which, | 


urface of the earth, to the height of upon contact, cohere molt ſtrongly. Neu- 
ue ſemi- diameter thereof, is rarer than | ton, Optic. p. 371, 372. 
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Puzumarics LL, two valves at the bottom of the pumps, opening inwardly, tg, E is c 


| mit the air out of the tube MM. at th 
MM, a tube reaching from both pumps to the plate OO, by mean, . 7! 
| the curvature PPQQ 3; which ought to be ſo long, that the tube p W the 
may not hinder the pumper from ſtanding conveniently on the ſtirrup;pj pri. 

OO, a plate bored in the middle, on which, the receivers, to be «x; BA, 

| cuated, are placed; as R, for example. We prop 
| Before this engine can be fit for uſe, it is to be put into a frame of wy, ME cube: 
to ſupport it, as Fig. 69. and as much water is to be poured thre A, 

hole Q, in the plate OO, into the pumps, as will fill the cavities of Steg 

ſuckers, and a little more: then, a perſon muſt ſtand on the two iron ſu. Bu 

rups EE, and alternately depreſs and elevate them. By this means, g duce 

ſuckers following the motion of the ſtirrups, in their aſcent, will leave, into 

ſpace in the bottom of the pumps empty; and ſince, as all other paſſe) the p 

denied from the air, that alone, which is contain'd in the receiver N,; be ta 

convey'd into the pumps, by the tube QP PM, and opens the md tt 

L, which being preſently ſnut, hinders the ſame air from returning = 


wherefore, the ſucker afterwards deſcending, compreſſeth that air; wiz WA 
of neceſſity, the valve C muſt be open'd, and all the air pafs out at it; ee 
cauſe the water in the bottom of the pumps exactly fills all the ſpace, u Cegre 
alſo regurgitates thro? the valve C. 5 1 
This double engine is, upon many occaſions, preferable to a finger 
ſince it-doth not only produce a double effect, but alfo performs it mu 
more eaſily : for, in thoſe engines which are furniſhed but with one uit 
' whilſt the ſucker is drawn up to evacuate one pump, the whole pillar ft: 
air incumbent on the ſucker, is to be elevated by force; and again, wi 
the ſucker returns, it is alſo by force to be reſtrain'd, leſt it ſhould be 
ſwiftly impell'd by the air, and ſo break the bottom of the engine; but 
theſe double engines, the operator is in a manner wholly free from tht 


For, in the firſt ſuctions, the Emboli are eaſily lifted up, becauſe theal, 2 
immediately deriv'd from the receiver R, into the pumps, pteſfeth tix | =p 
ſuckers downwards, almoſt as ſtrongly, as the external air, incumbent 4 "4 

on the oppoſite part; and when the quantity of the interna] air dm che | 

niſh*d, the ſucker to be depreſs'd, tends downward with the greater fore tude 

and ſo, by means of the cord GGG, compaſſing the pully, draws! Cw 0 
other Embolus upwargs, and, at the ſame time, hinders it from deſcend It ha 
with too great BO > and, by this means, both ſuckers, at one and 


fame time, will aſſiſt the pumper. And, as the Emboli make buta" 

ſmall reſiſtance, the two pumps of this engine may be ply'd with gra 

eaſe and expedition, than one pump in fingle engines; whence, this c 

vance is of great uſe in thoſe experiments, which cannot well be made lo 

A mercurial The whole gage ABCDE, conſiſts of three glaſs-rubes, all well cent 


£0ge- ed together, ſo, that a paſſage remains open, from one to the other; 
ig. 70. 


e furth 
reſſure ] 


an poll 


firſt of theſe tubes AB, being open at the extremity A, is of leſs capi 
ty than the tube BCD, but of greater than ED. The tube J. 
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ner the extremity E; but the part BCD, muſt be fild with mercury. 
fl this inſtrument, thus prepar'd, be put into a receiver, out of which 
me air is to be extracted, the air remaining in the part ED, will, by its 
W ſpring, compreſs the mercury DCB, and force it to aſcend into the part 
Ba, and itſelf will be dilated in the cavity DC. If then, the following 
W proportions be duly obſerv'd, between the magnitude and length of the 
tubes, when the air is extracted, the merucry will almoſt reach to the top 
A, and the air in the other leg, being ſo dilated, that it cannot ſuſtain a 
W orcater body of mercury, will remain included in that ſpace. Ry 
W But, that this inftrument may exactly ſhew the quantity of the air pro- 
WS duced in a receiver; the tubes AB, ED, are to be diſt inguiſh'd by marks 
Into ſeveral parts; and when the Torricellian experiment is made, upon 
me plate LM, of the pneumatic engine, as Fig. 70. a receiver FGE, is to 
be taken, perforated, at the top F, and the tube HI, is to be tranſmit- 
ted thro? the hole, that ſo the receiver may be apply'd to the plate; and 
then the hole F being ſtopp'd, and the gage ABC DE put into the receiver, 
be air is to be exhauſted; the air then, being dilated in the receiver, the 
nercury cannot be ſuſtain*d ſo high in the tube HI, but muſt deſcend by 
egrees; and at the ſame time, the air of the tube ED, gradually drives 
Wehe mercury into the tube AB. Now when the mercury, in the tube HI, 
c(eſcends to the height of twenty - nine inches, and remains at that height, 
Wit we mark how high the mercury hath aſcended into the tube AB, we may 
now, that as often as the mercury in the gage ſhall reſt at that height, 
the air in the ſame receiver, will be able to ſuſtain, only twenty-nine 
nches of mercury; whence that place in the gage muſt be mark'd with the 
Wigure twenty-nine 3 and ſo every inch of the mercury's deſcent in the 
ube HI, may be marked in our mercurial gage, when the part AB, will 
ew all degrees of the rarifaction of the air. | | 
But now, if the air be condens'd in the receiver, above its wonted preſ- 


bun 
uml. 


wy ure, and all ways of its eſcape be ſtopp'd, it may immediately be known, 
* dy the tube ED; for the mercury will be impell'd into it by the incumbent 
1 Ir, thro' the open hole ſo much the higher, as the compreſſure of the air 


n the receiver ſhall be the greater; and how great that is, and what an al- 
_ of the mercury it can ſuſtain, may eaſily be found, by computation, 
[t has been prov'd, that the ſpace pofſeſs*d by air, is diminifh*d in the 

ame proportion, as the compreſling force increaſes, and vice verſd. 
_ then the ſpace A, be poſſeſs'd by a certain quantity of air, whilſt 
e compreſſing force is F; if we increaſe that force by the addition of G, 
rhich is equal to it, our ſelf-ſame quantity of air will be reduc'd to half 
4 ſpace, ſo that B, the remaining ſpace, will be half of the total ſpace 
as the former preſſure F, is half of the total preſſure Fand G? And, it 
e further Increaſe the preſſure, by the addition of H, ſo that the firſt 
refſure F, is only one fourth of the total preſſure F and G and H, the air 
in poſſeſs only the ſpace C, which is one fourth of the total ſpace A. 
2 | Thus, 


x fore! 
raus ll 
{cendin 
eandll 
ut 2% 
th gien 
11s col 
de low 
11 cent 
ther 3 
eſs capil 


be B 


v crooked in the middle, and the tube ED, ought to be hermetically ſeal*d N 
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riuuaries Thus, the remaining ſpace will always be in che. fame proportion tg the 


— 


to have a greater proportion to the magnitude of the tube ED, tht 


A condenſer. . 


Fig. 72. 


nix inches for the firſt term of the proportion 3 then the ſecond term yi! 


pends on the length of the legs, which the higher they are, fo mi 


hath aſcended to the top of the tube AB, the air included in the other [74 


Will only, not reach to the top, and ſo the gage will, nevertheleſs, {he 
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total ſpace, as the firſt preſſure js to the total preſſure... © Bz, 
So that the remaining ſpace, being to the total ſpace, as the fir} Pref = CC, 
Fure is to the total preſſure ;- three of theſe terms being known, it wil Wand fa; 
be eaſy to find a fourth, by the rule of proportion. For inſtance, ; E, 
our gage let the tube ED, be the total ſpace into which the air is co F, t 
Preſs'd, by the uſual preſſure of the air, which e is equivaly . 660 
to thitty inches of mercury; the firſt preſſure therefore, vill be th ring 
inches of mercury. Now, if that preſſure be increaſed, and the air cdu II. 3 
into a leſs ſpace, ſuppoſe in the ſpace NE; to find the quantity of tu ee, to 
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Preſſure, I meaſure the remaining ſpace NE, and conſtitute that, ſuppi 


be the total ſpace DE, ſuppoſe twelve inches; the third term the heig. 
f thirty inches of the mercury, Which wus the firſt preſſure; and {6 
fourth term, or total preſſure, will be found to be ſixty inches of meta 
ry; whence J conclude, that the preffare of the air in the receiver cn 
ſuſtain the mercury to the height of ſixty inches; and ſo of the reſt, 
From the ſame principle, it will be eaſy to find, what: ought to beth 
Proportion, between the ſize of the tubes AB and ED. For that & 


the better they reſtrain, - and keep in the airy but little dilated, f 
the ſeal'd part. For inſtance, let the length AB, be ten inches, which begt 
of the mercury is one third of the accuſtom'd preſſure, and it is ſufficin, 
that the tube HB, be twice as big as the tube ED; for after the meran 


expanding itſelf into the ſpace forſaken by the mercury, will poſſeſs thre 
times more than its former ſpace z and ſo one half of the firſt preſln, 
which is ten inches, will be ſufficient to curb its ſpring. But, if tl 
legs were ſhorter, the mercury would be expell'd, by the includedar, 
at leaſt in part. And therefore, the magnitude of the tube AB, ou 


the aſcending mercury may afford more ſpace to the air, to be dilated; ſo 
that the ſpring of the air being weaken'd, the weight of the mercury d- 
not be overcome. And thus it would happen, if the height of the gage But ] 
were to the height of thirty inches, in the ſame proportion withthefirk 11 
ſpace of the air, to the total ſpace it would poſſeſs in vacuo. - * 
The height of the tube ſhould rather be too long, than too ſhort; bt Vb. a 
cauſe if it be too ſhort, the mercury will be expell'd in part, and ſo | 
ſhew all the degrees of rarifaction; but if it be too long, the mercuſ 


all the variations, tho? they be leſs ſenſible. 

But the tube DC, ought to contain a ſufficient quantity of mercuſ 
at the leaſt, to fill the tube AB, before any paſſage be open'd for the 
included in the tube ED. 


In our engine to compreſs the air, AA, is a glaſs-veſſe], whoſe oriid Elength'c 
is exquilitely fitted to the flat plate BB. 


BB, | me in a 1] 
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„is à flat plate of braſs, made to cloſe the veſſel AA exactly. purvvartet 
3 _ a ſmall tube of braſs, paſſing thro* the middle of the plate, WY 
Jud faſtened thereto. | © ads "of | 
FE, a little valve, opening inwardly, to ſhut the ſmall tube C. 
F, the ſpring depreſſing the valve E. 


606, the gnomon faſtened to the plate BB, made for reſtraining the 

4 4 ſquare lath, ſuſtaining the plate BB, and bored thro? in the mid- 

e. to tranſmit the little tube C. | 

ILL, LLL, two iron- wires, which paſting thro? the holes in the lath 

WI, and compaſſing the upper part of the iron- plate KK, hinder the plate 

om being much moved from the lath. | | | 

W KK, an iron- plate, with a hole in the middle, formed into a female- 

rew, to receive the male-ſcrew MM. | | 

= MM, an iron- ſcrew, ſtraitly to conjoin the receiver AA, with the plate 
B; and leſt the braſs-veſſel ſhould be broken, it is proper to put ſome 

Wood and leather between the ſcrew, and the upper part of the receiver; 
ether, alſo, is to be put upon the plate BB, both to prevent the breaking 

f the glaſs, and the more exactly to ſhut the receiver. 

S NN, a pump faſtened to the tube C, below the plate BB. 

OO, the ſucker of the pump NN. 

P., a little hole in the lower part of the pump, by which the air enters 

io it, when the ſucker is brought to the loweſt part thereof. 


ro compreſs the air by means of this engine, we put the bodies, 
. Whercon the experiment is to be made, into the receiver AA; and laying 


on the plate BB, firmly bind it thereto, by help of the ſcrew MM. This 

Ye, the ſucker or plug OO, is to be drawn, till the external air, by the | 
Ple P, can fill all the upper part of the pump; then, if the ſucker be | 
Wawn upwards, the air finding no other paſſage, will open the valve E, | 


M enter into the receiver A A; from whence. there is no regreſs,” becauſe | 
| valve E, is preſently depreſſed by the ſpring F, and ſhuts the hole C. | | 


nd io we may repeat the compreſſion of the air into the veſſel AA, at plea- 
re; whilſt the quantity thereof is eaſily known by the mercurial gages. 
Fr But 1 fo faſhion the pump, that it may be fitted by a ſcrew, to the 
| de C; for thus, when one receiver is full, we may take away the 
mp, and uſe t to fill others. DOR . dt 563 0369 enn 
Now, becauſe in theſe engines, mercurial gages ſerve to ſhew the de- 
ces of compreſſion; there is no occaſion for the gages before deſeribed; 
thoſe are made with more difficulty, and beſides, afford but a ſmall 
ace, wherein to note the degrees of compreſſion. It is therefore, better 
bencl the glaſs-tube, ſeal'd at one end, in ſeveral places, as in the figure 
, that a long tube may be contain'd in a ſhort receiver; ſo that the 
cury, being put in thro? the open end; as much as will ſuffice to fill 
elength of one inch; all the reſt of the ſpace, fill'd with air, will ſerve 
marking the degrees of compreſſion, much more ſenbbly than can be 
me in a ſhorter tube. 
Here- 
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Here we muſt note, that when the mercury tends downwards, in fy 
an inflected gage, the weight thereof forwards the external preſſure ibs 
when it is impelPd upwards, the ſame weight reſiſts it: a differencetoꝶ 
regarded in very accurate experiments. "(OO | 
1 In order to make mixtures in compreſſed air, let the receiver be AA, 
= — 4 which we would mix either liquors, of powders. 
compreſi d air. Let QQ, RR, be two tubes, each of them ſeal'd at one end, and 0p 
Fig. 72. at the other. | | BL 
Let RO, be a veſſel of braſs, to be laid upon the orifice of the tis 
as in the figure. . 5 
The liquors to be mixed, muſt be poured into the tubes QQ, RR, «g 
liquor in its own tube; and let the veſſel RQS, being inverted, be hid a 
the orifices of the tubes; and in that poſture, let all be cover'd with then 
ceiver AA; let the ſcrew be driven, and the air intruded after the mam 
Juſt deſcribed; and when the gage TT, ſhews that the compreſſure 39 
rived at the degree intended, the engine is to be inverted, and fo the 
quors will flow down from the tubes into the veſſel RQS, and be mit 
there. If more liquors or powders are to be mix*d, the number of tþ 
tubes is to be increas'ꝰd accordingly. 
To make ans Io tranſmit air out of one receiver into another, we uſe the follogy 
remove artifi- COntrivancè. | 
cial air from AA, is a flat plate of metal, with a hole in the middle. 
ene receiver un BB, is the ſtop- cock, faſtened tothe hole in the middle of the plate Al 
to another. | a Ds 
one of whoſe ends is form'd into a male-ſcrew. 
Fir. 4. Kos. DC, is a copper-funnel, open below, with a broad orifice, (tha 
3: 7+ * 75: might be eaſily ſet upon the pneumatic engine, and there ſtand fim qu 
the upper part of the orifice D, is faſhion'd into a female-ſcrew, tot 
ceive the male - ſcrew of the ſtop-cock BB. 
EE, is a ſmall tube, open at both ends, which are cut into a fat 
ſcrew, to receive the male · ſcrew of the ſtop- cock BB. 
_ FF, is the receiver laid on the plate AA, and exquiſitely fitted thereto 
| Now to make factitious air, we muſt put the matter which is fh 
duce the air, into the receiver FF; and placing that on the plate AR, 
by means of the ferew, we ſtrongly faſten it thereto, as in out tngine 
for compreſſing the air; the ſtop-cock BB, we inſert into the fem 
ſcrew D: then the orifice C, and with it the receiver, is to be placedup 
on the pneumatic · engine, and the ſtop-cock B, being open'd, the af 
be extracted. When the receiver FF, is emptied of air, the ſtop-cock 5 
is to be ſhut, that all paſſage to external air into the receiver may ben 
nied; and the ſtop-cock, being taken out from the female. ſcrew D. x 
receiver is preſently to be immers'd in water; fo that at leaſt the pi 
AA, with the ſtop-cock, may be cover'd therewith : thus no ait in 
without can find entrance; and the air, produced out of the matter nv 
receiver, will be perſerv'd unmix'd 3 whilſt the degrees of its rarifacudt 
or compreſſion, are known, as thoſe of common air. 
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Phyfico-mechanical Experiments. 561 
Fut if we would tranſmit that air into another receiver; another recei- PN ener te⸗ 
—4 with another plate A A, and a ſtop- cock BB, is to be procured, 2 
nd evacuated: then, by means of the ſmall tube EE, we join the ſtop- 6.74. 
ocks B B, of both receivers, when all ſuſpected places are to be ſtopp'd 
it cement, that no external air may find entrance. Then, the ſtop- 
ocks being open' d, the air, produced in the former receiver, flows into 
de litter; and the ſtop-cocks being again ſhut, and pluck'd out from the 
abe E E, the receivers may be kept a- part: when if there be any matter 
cluded in the latter receiver, we may eaſily view what influence the fa- 
Krious air hath upon it. | 
But, becauſe the mercurial gages, lately deſcrib'd, are ſpoil'd if they 
> inverted, and the crooked gages preſently expel their mercury, if the 
be rarify'd in their receivers; and, ſince the operation, here deſcrib'd, 
pnot be perfected, but both receivers muſt be inverted, and both, like- 
iſe, emptied of air; gages of another ſort are to be made, after the 
anner following. | 
AA, is a glaſs vial, fill'd with mercury to the ſuperficies DD. Fig. 70. 
BB, is a glaſs tube, very well cemented, in the orifice of the vial. 
CC, is another tube tranſmitted thro? the tube BB, and reaching to the 
tom of the glaſs. This tube muſt be ſeal'd above, and open below; 
cher muſt it ſo exactly fill the tube BB, but that paſſage may be given to 
external air, within the glaſs AA. 
If this inſtrument be put into a receiver, from which, the air muſt be, 
rwards, extracted, both tubes will be exhauſted of air; and, when 
invert the receiver, to take in new air; as in Fig. 74. the mercury will 
down to the orifices of the vial, and be there kept, below the orifice 
he tube BB; when the new air entring, will eaſily fill both tubes, and 
vial: then, the receiver being erected, the mercury will again reſt, in 
bottom of the vial, and the orifice of the tube CC, will be plunged in 
And, if any air be produc'd, out of the bodies included in the ſame 
Iver, the mercury will aſcend into the tube CC, and there, reducing 
air into a narrower ſpace, ſhew the degrees of compreſſion. 
he inſtrument wherewith we filtred air thro? water, was thus contri- To flter air 


thro water. 


A, is a glaſs receiver, whoſe orifice, laid upon the plate BB, agrees 
lilitely therewith. WS: 


5 8 a plain plate with a hole in the middle, to tranſmit the tubes, Fig. 77. 


> DD, are two tubes, cemented to the plate BB; one of which is no 
er than the plate, but the other reacheth almoſt to the top of the recei- 


EEE, is a ſtop-cock, to whoſe holes the extremities of the tubes, 
DD, are faſtened. | 


» Bthe key of the ſtop · cock unperforated, wherein is only one chink 


0 I. II. 


Ce ce HH, 
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Fig. 78. 


How to con- 


denſe and rari-; 


Jy the ſame 


parcel of air, 
Fig. 79. 


A wind-gun, 
Fig. 80. 


be fill'd with water, and, by a ſcrew, be fitted to the ſtop-cock; the ſtop 
cock, being then open'd, let the plug C, be forced upwards, and tif 
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H, is the receiver, compaſling the end of the ſtop-cock, and falls 
to it, preventing the entrance of the outward air, and communicaing 
with the pump II. ; 

I. L, is a glaſs veſſel. 

M, is a hole in the top of the receiver, whoſe ſtopple is faſtened vi, 
ſcrew. 

The next figure exhibits a * cock, cut tranſverſly, that the tyo tube 
CC, DD, may be the better diſtinguiſh'd, and their inſertion into th 
ſtop-cock be perceived. | 

This inſtrument is thus to be uſed : we put the thing about which th 
experiment is to be made, into the veſſel ; and the receiver AA, being hi 
on the plate BB, we pour water into the hole M, till the receiver he 3 
bout half full, and the veſſel LL, with the matter contain'd therein, ſwing 
on the top thereof; then we ſtop the hole exactly, and faſten it with | 
ſcrew. The key is afterwards to be ſet ſo, that the chink GG, may com- 
municate with the tube CC; then the plug being brought to the loyet 
part of the pump, the air of the receiver AA, entring through the upp 
orifice of the tube CC, will low down thro? the chink GG, into the u. 
ceiver HH, and into the pump. Then the key being inverted, ſo that the 
chink GG, may anſwer to the inſertion of the tube DD, the plug is tobe 
impelled upwards; when the air will be expelled from thence, and, find 
ing no other paſſage, be driving through the chink GG, into the tube Dl 
and from thence it will emerge to the upper part through the water ſky: 
nant in the receiver. And by repeating. this proceſs, we ſtrain the ay 
thro? the water, as often as we pleaſe ; and thence know whether it acquig 
any new qualities, in reſpect of the body included with it. 

Let the receiver AA be placed upon the plate BB, and ſcrewed on to 


if, 
CC, is the ſtop-cock, faſten'd to the hole in the midſt of the plate BB, 


DD, is a pump joined to the ſtop-cock C, with a ſcrew. 

E, is a veſſel, ſo large, that it may fluctuate in the receiver AA, with 
out danger of being overturn'd. | 

Let ſome animal be put into the veſſel E, and let the receiver AA, be 
put upon it, and ſcrewed to it, as the figure ſhews. Then let the pump 


water aſcending thro the ſtop-cock will, in part, fill the receiver A 
and reduce the air, contain'd therein, into a narrower ſpace, withoutay 
addition of the new air: if, then, you draw the plug downwards, theſat 
numerical air will be again rarified. Thus you may both condenſe at 
rarify the ſame air as often as you pleaſe; and, by this means, you 8 
find, whether the condenſation of the air contributes to prolong the life 
health of animals. 
In our wind- gun AA, is a, hollow copper globe. | 
BB, a tube, faſtened to the globe. | 


F, a valve opening inwardly, and ſhutting the tube BB. 0 | 
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plyfi mechanical Experiments. 
G, theſpring depreſſing the valve. ” 


PaerUMATICS 


H, a gnomon affixed to the globe AA, and making faſt the ſpring G, WY 


CC, a tube of iron, faſtened to the tube BB, and the globe AA. 
- DD, a plug exactly fitted to the tube. 

EEE, another plug fitted alſo to the tube BB, with an iron wire, reach- 
ing almoſt to the valve E. 


R, the protuberance of the tube CC, ſomewhat hollowed above, to re- 
ceive the end of the iron LL. 


LL, a crooked iron, moveable about the extremity in R, ſo that it 
rvesas a lever to lift up the plug. 
OPO, a crooked iron, faſtened in M, that the thumb reſting in the an- 
ole P, the reſt of the fingers may attract the lever L, and ſo force the 
plug EEE, upwards, But the curvature is deſign'd, that the one end O, 
might be apphed to the ſhoulder, in aiming at a mark. 
TT, a rectangular piece of iron, compaſſing the lever LL and the iron 
DPO, to keep the lever in its poſture ; for otherwiſe, the plug EEE, 
would be thruſt far out, whilſt the air is intruded into the globe AA. 

II, an elliptic hole, in the upper part of the globe, very well ſhut with 
a valve, opening inwardly, to give liberty of inſpection, and of amending 
hat is amiſs; for the valve may be drawn through the hole, by reaſon 
its elliptic figure. 
SS, a metalline plate tranſverſly placed above the hole II, and perfo- 
ated to tranſmit the ſcrew V, by help whereof the valve, ſhutting the 
ole IT, is ſuſtained, and applied cloſely to it. 

Q a hole in the lower part of the tube CC, by which the air enters in- 

o the tube, whilſt the plug D, is brought to the loweſt part thereof. 

The air is forced into this engine, by ſetting the foot upon the crook- 
dend of the plug DD, that it may not be removed from the ground, 

d lifting the engine upward, till the upper part of the plug comes be- 

DW 8 Q and then the air entring through the hole, wholly fills 
he tube CC. 
Then, by forcibly depreſſing the engine, the air contained in the tube CC, 
pens the valve F, and is thruſt into the globe AA; whence it cannot re- 
m, becauſe the valve preſently ſtops the paſſage: and thus by repeated 
rokes, we may condenſe the air in the globe, till the force of its ſpring 
nnot be overcome by our ſtrength. 

If we would diſcharge the air ſo condenſed, the plug DD, is wholly to 
drawn out, and a bullet to be put into the bottom of the tube CC : 
jen, by means of the lever LLL, the plug EEE, is to be impell'd upward, 

we ſaid before, when the extremity of the iron-wire, opens the valve 
and the air breaking out therefrom, expels the bullet through the 
de CC, with great violence. 

But before the plug DD, is again put into the tube CC, for the com- 
eſſion of the air, about half an ounce of water is to be pour'd into the 

e. For by this means, no air at all can eſcape out by the plug; and 
reover, that water exactly filling the upper part of the tube CC, the 
2 whole 
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PxzvmATIC3 whole compreſſed air will be intruded within the cavity AA, and the con- 
denſation be perfected much ſooner, than if at every turn, part of the mine 
compreſs'd air remain'd below the valve F. vert 


This engine has ſeveral advantages above the common wind-gung, 1. R. veſſc 
cauſe one valve ſerves both for the letting in, and diſcharing the air: 
whence it is leſs ſubject to be ſpoiled, or impaired, than if two valves | whic 
were uſed for that purpoſe. 2. If any diſorder happen in other gude | whic 
they remain uſeleſs ; but here, by the elliptic hole, we may take out the fills 1 
ſpring and the valve, and fo mend whatever ts amiſs. 3. In other gy | outs 
the valves being cover'd with leather, are put in, before the engine is d tec 
ſed on every ſide; and therefore ſilver- ſolder could not be ujcd in on. | to be 
ing the parts, but only lead-ſolder, by which the air, being much con. . 
preſſed, could by no means be reſtrained; but here all things are ye almo 


cemented with ſilver- ſolder, without danger of burning; ſince the vate 
cover'd with leather, is put in afterwards thro? the elliptic hole II. 4. Bu 


this engine is chiefly to be preferred before others, becauſe here we cn it ma 
put ſeveral bodies into the receiver, through the elliptic hole, and ſo mk; = 
many experiments 1n highly compreſſed air. 

An engine We alſo contrived an engine, which ſhould diftil iz vacuo, thus. El 


; whole 
on thi 
not be 

| Vapou 
MA 
a litt. 


rherewith lo AA, is a braſs veſſel ſhut below, and open above. 

- "8 vacud. BB, a diaphragm of tin, whoſe edges are fo poliſh'd on both ſds, 

MEA. that they exquiſitely agree and ſuit with the edges of the veſſels AA, DI, 
which are alſo poliſhed, and ſo keep out the external air. 

CC, a tube faſten'd to a hole in the middle of the diaphragm BB, 

DD, a braſs veſſel, whoſe aperture is applied to the diaphragm BB, 

EE, a ſtop- cock faſtened to the hole of the diaphragm BB. 

FF, a tube reaching from the ſtop-cock EE, to the hole made for (i 
ction in the pneumatic engine. 

GG, a metalline veſſel, including the junctures of the veſſels with th 
diaphragm, and alſo the ſtop- cock, that being filled with water, it nay 
keep all ſafe from the external air. This is to be ſolder*d to the veſſel A. ful 

To uſe this engine, we take away the diaphragm BB, and put then F 
gredients into the veſſel AA, and ſet it in a convenient place, till it1sto F J. N. 
be evacuated ; then putting on the diaphragm BB, and the veſſel DD, we n 
apply all to the pneumatic engine, and by means of the tube FF, theair's 
pumped out of the veſſels, the veſſel GG being yet firſt filled with water 

Then the ſtop-cock is ſhut ; and taking away the tube FF, we may plac 
the evacuated engine on the fire, when the vapours, aſcending throughti 
tube CC, are condenſed in the upper veſſel, and ſo we have a liquor d- 
ſtilled in vacuo. . The quantity of the generated air, is known by tit 
mercurial gage H; but that muſt be kept in the top of the receiver, 
the mercury exhale, by reaſon of the heat. 
Round pieces of paper, perforated in the middle, are to be laid overtit % 
orifices of the veſſels AA, DD, that they may be the better joined ui ves 
the diaphragm; the commiſſures of the tube FF, with the ſtop- cock, al 
+ Pneumatic engine, are to be fortified with cement; andthe ſtop- cock EE 
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vertheleſs, the ſtop-cock, with the diaphragm, may be taken out of the 
veſſel GG, whilſt the veſſel AA, is to be filled with the deſigned matter. 
And that is very ealily done, becauſe the key conſiſts of two parts, one of 
| which M, is turned in the ſtop- cock itſelf, by means of a certain chink, 
| which receives the ſmall protuberance of the other part OO, that exactly 
fils the ſmall pipe NN, faſten'd to the veſſel GG; and being prominent 
| outwardly, may eaſily be turned in it, and communicate its motions to 
| the other part M but it is drawn outward, whilſt the diaphragm BB is 
| to be taken out of the veſſel GG. —_—— 

Fig. 82, ſhews another inſtrument, differing from the former, in that it 
almoſt wholly conſiſts of glaſs, and affords à longer paſſage for the va- 

ours. | 
F BB, is not a diaphragm, but a ſmall tube, poliſhed at both ends, that 
it may exquiſitely ſuit with the orifices of the veſſels A and D. TE 
AA, Db, are two glaſs veſſels, whoſe orifices are applied to the tube BB, 
| whence the vapours are eaſily tranſmitted from the one to the other. 
EE, FF, GG, and I, have the ſame uſe as in the former figure; and the 
| whole inſtrument is to be evacuated after the ſame manner, and plac'd up- 
on the fire; except that here the veſſel AA, as being made of glaſs, muſt 
not be put on an open fire, but ſet in balneo Marie, ar on ſand ; and the 
vapours will be condenſed in the veſſel DD. 


a little kneaded, with a mercurial gage, in vacuo. 
night a little broke into the receiver, and ſuſtain'd 3 inches of mercury ; 


Towards the evening I found the mercury higher by about an inch, and 
am very certain that nothing had enter'd from without. 
Jag 13. This night alſo the mercury aſcended higher, but my gage 

was not exact enough to diſcover how many degrees. 

July 26. The bread disjoin'd its receiver from the cover, by the force 
the air produced, and the ſmell of it was acid. 


e 
— Hence it follows, that water is a fit menſtruum to draw air out of bread. 
water. (2.) Zuly 11. I try'd to extract air from bread by the help of a burning- 
ph glass, wherewith I burnt bread in vacuo, and found it generate much air, 
ohthe Which, ever and anon, broke out, as by fulmination; whence it ſeems pro- 
© e bable, chat air is contain'd in bread, but ſo cloſely compacted therein, 


that no eaſy operation can give it vent; but that if any thing could diſ- 
lolve and looſe that-knot, it may then produce great effects. 


Water, included them in a receiver, able to hold 22 ounces of water. The 
grapes were bruiſed. . 
vet. 23. The receiver lay bury'd under the water all this night, yet the 
mercury aſcended two whole inches. | 
© 


Sept. 


595 


-. ſo to be diſpoſed With the veſſel G G, that part of the key may be pro- Po re. 
minent, without the veſſel, thro' the hole, to be conveniently turned; ne- > 


(1.) July 11. 1676. J included a little piece of bread, very moiſt, and geerat way; 
| I to forward the 
July 12. In fix hours time, no air was produc'd yeſterday but this & of 


ir; and firſt, 
n N : ir produc'd 
for J had neglected to fortify the cover with turpentine. Se: 


(3.) Sept. 22. I took $ ounces of dry'd grapes, and with 7 ounces of n grapes. 
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PXEUMATICS Sept. zo. In ſeven days time the mercury roſe to the height of 4, 
teen inches. £ 


From raiſins, 


From plumbs. 


From grapes. 
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inc 

O70. 5. In five days more the mercury aſcended 12 inches, and , 7 
now 25 inches high. 2 oun 
Oclob. 18. The mercury continu'd not to aſcend with the ſame (wiſe wat 
neſs, and the air began to paſs out of the receiver; but not before thi 0 
day; yet theſe grapes produc'd much more air, than thoſe which I inch. C 
ded without water. inch 
(4.) July 12. I included 10 ounces of raiſins of the ſun, bruiſed in vad 0 
with a ſufficient quantity of water, to promote fermentation. | 1 
July 14. In two days they had produc'd ten inches of air. whe! 
About evening the mercury was 15 inches high ; the 15th day the me. | thet 
cury had almoſt reach*d to its accuſtom'd height. F. 


July 16. In the morning I found the receiver ſever'd from its cover, 
and the air breaking out thro? the water, in which it was plunged, I inch. tho”, 


ded the ſame raiſins again in vacuo. = (7. 
July 18. This day, in the morning, I found the air again breakinn WE for l 
Out. ing a 
July 19. I ſhut up the ſame raiſins in the ſame empty receiver. 4 Jul 
ul 21. This day I found the receiver full, and the air breaking on z 230 
of 1t. 247 
I again ſhut up the ſame raiſins in the ſame exhauſted receiver. 250% 
July 23. Leſterday, about noon, I found the whole receiver almoſt fill Toy 
of air; and this day, in the morning, perceiv'd it to paſs out very ofen. be mu 
It appears then, that grapes without water, can generate but little ar; 26% 
whence it is manifeſt, that water is a fit medium to draw air out of then; non 
it is alſo evident, that the production of air is not begun preſently upn e £0 
the affuſion of water, but proceeds with greater ſwiftneſs, after the pW 27th, 
of the water, in 5 or 6 days time, have more deepiy ſunk into, and pr: had 0 
vaded the grapes. | | 3 ay 
(5.) Aug. 13. 1677. I included pears in two exhauſted receivers, ad ber! 
plumbs in another. : 6.07 
Aug. 16. In three days time all my receivers were fill'd with air, / Wl us rece 
generated; and one of them, which included the pears, becauſe [ h 7 , Ch 
it expoſed to the ſun, was, in the ſpace of 24 hours, ſeparated from is þ 1 2 
cover ; whence we may conjecture, that the production of air 1s e 1 m 
much promoted by the heat of the ſun. Fe et 
(6.) Q0b. 16. 1677. I took two ounces of grapes bruiſed, and ſecur 1 b ; ft 
them from the air, in an exhauſted receiver, capable of containing % pte. = 
ounces of water. D ED 
Oob. 17. The mercury roſe higher about one half inch. * 3 
Ob. 18. Theſe laſt 24 hours, the mercury ran up about ano Fl 5 
half inch. ub 
: 1 incl 
Octob. 20. The height of the mercury was two inches. er recei 


On the 22d it was almoſt 4. And on the 27th it was almoſt i! 
inches. 


fat 
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inches. / | 
9 16. 1677. I put three ounces of bruis'd grapes, with half an 


ounce of ſpirit of wine, into a receiver, able to hold thirty ounces of 
water; and then I exhauſted the air. | 

| 0b. 17. The mercury aſcended but a very little. | 

| 030b. 18. The mercury came not up to the height of one quarter of an 
3 10%. 20. The mercurial gage was out of order. 3 
Jan. 2. 1678. J. this day, found my receiver fill'd with air; and, alſo, 
© when part of the liquor was pour'd out, ſome bubbles were form'd in 
tte turpentine, about the orifice, and broke outwardly. 

* From this experiment, made in two receivers together, it ſeems to fol- 
| | low, that ſpirit of wine much advances the production of air ix vacuo-; 
thoꝰ, in common air, it wholly hinders it. 


* . . - 
for ten months in a veſſel, ſtopt with a ſcrew, into the ſame receiver, be- 


Ll 


ing alſo ſtopt with a ſcrew. 

Ju 21. The mercury had not aſcended at all. 

q 2 The height of it was three. 

224%). The height was five. 

E 25h, In the morning it was an hundred and four. 

Towards the evening, the height was an hundred and thirty ſeven; and 
the muſt got out. 

= 2615, The muſt was almoſt all got out of the receiver; and altho* the 
air now poſſeſſed double the ſpace it did yeſterday, yet it kept up the mer: 
Wcury to the fame height. 

W 27h. About half of the remaining muſt broke out this night, becauſe 


2 


" had omitted to ſet the ſcrew, leſt the receiver ſhould be broken. 
From this experiment, it follows, that grapes, kept for ſo long a time, 


ather acquire, than loſe a fermentative virtue. 


o receivers, ſtopt with ſcrews ; with one of them I mix'd a third part of 
Woar, the other had no ſugar at all, Theſe receivers were quite full. 
Jan. 21. J included raw apples, bruis'd, in three receivers; in one of 
em I mix'd a third part of ſugar ; the ſecond was without ſugar, and ſo 
5 the third; but it differed herein from the ſecond, that it was ſix times 
big; for, by this means, we may know, whether the capacity of the 
ſſel, or the mixing of ſugar, or the crudity of the fruit, can pro- 
ole, or retard the production of air. 
lr. 10. In that receiver only, which contain'd the raw apples, with 
gar, ſome air was produc'd. | 
Fer, 14. The raw apples, with ſugar, had impell'd the mercury up to 
ty inches; thoſe that were boiPd with ſugar, to two only; in the 
er receivers no air was produc'd, e 


Febr. 


2u. 2. 1678. The mercury, - yet, aſcended not to the height of ten Pv arcs 
A en 1 WY, 


4 July 19. 1678. I put muſt, expreſs'd from grapes bruis'd, and kept From mußt. 


(8.) Fan. 30. I put two quantities of apples, boil'd the day before, into Fr apples 
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Prtovnirics FBV 18. Th the recewer, Contaming the faba . 1 
PRIME 18. „containing the raw apples, with fu; Mz 
mercury came to the height of fifty. ſix inches; in +. diem ar 8 
apples with ſugar, the height was three: in the other peochvere, dt 1 
alſo, ſome air produced, except in that wherein the boiled apples nn oper 
* were put. 1 open. that Fights eh the apples had ka, F 
o great a quantit air; yet the apples feem'd hardly to be fe ye do 
Febr. 21. The boil'd apples, with | 
* : bout d apples, without ſugar, had loſt. ſ. f full. 
juice; and, opening the receiver, I found 15 cover e al de ſix ir 
apples wefe not at all rotte. enn pears 
Match 1. In the great receiver, containing the raw apples, the mercy 4 
was twenty-five inches high; in the little one, only ſeven: but nk 2, 
_ were the apples boiPd with ſugar, the mercury had aſcended to in * 
9 9 4 [4 13 . ; ; . 125 | * 75 = S, , 1 
March 8. In the great receiver, the height of the 1 | 2 
Doe eat ie height of the mercury w: 7 
ty-nine 3 in the leſſer, twenty-two and a half; and where the boil'dang 5 
_ fugar were the altitude was Hine inches. i irs 
arch 17. The juice got out of the great receiver; in the little one, 15 
height was ſixty-ſeven 3 where were the app da ea ate cee Sp 
— {wry y-leve were the apples boil'd with ſugar, itwy WM 7 nd 
From this experiment it ſeems, that ſug; e crudi 3 
* ar, the crudity of the fri, 
3 and the largeneſs of the receiver, all eontiibuis to the egen of By " : 
er. _ e. December 21. 1678. I made paſte of wheat-flower, without learn | — 
oredution of and put it into an exhauſted receiver; then I put the receiver in an api. Sept 
air; for in- ment, with a fire, which there kept a greater heat than is uſual in the nib ur i 
Hance, in paſte. dle of fummer; yet the paſte produced no air in ten hours ſpace : when 3 
it ſeems to. follow, that if dough hath once ſuffer*d too much cold, iti Sept. 
1 F 15 Wale of fermenting; for, ſome years ago, Wit 5a 
ma e ' Wi u ES bf © + Do 5 bs & dv > . „ , . . 
ore 62 1 t eaven, in the ſummer-time, it ſoon produced vey l "uy 
: a 92 Mey 23. 1 included three ounces of dough, Kneaded with kw nded ; 
1a receiver, capable of holding fifty ounces of water; I alſo pourdup Sent 
On it ſome quantity of ſpirit of wine, to try whether S eieaion bas 15 
be hitider'd by that means. | ept, : 
May 44: The wetriry Wis tree, de 20. No change. | ere 
TE ub... | 7 June 2. It ſeem'd to have aſcendi er; b 
| 26. Little change. <A „„ ept. 12 
8.5 No change. ebene n le 1 bp SON 13 
ecember 14. No more air being produced from the dough, I took Ve fiel 
out 4 the receiver, and found the ſmell of it not grateful, but inclinin Pl. 14. 
to acid: I put it into an empty receiver, and there it ſwell'd to doubei e enty. 
uſual ſpace, and mac a little ebullitio n. 13 
eee eee 
| : — to 1 0 Lil. - : | 1 ſpin I9, 
bo leh y ounces of water; daha 1 mixed no 10 8 ; g 
| YOL, 


I, | 
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24. The mercury was nineteen | May 26. Twas 38 inches high. Przvnaricy 
. aches and a half high. | 27. There 6. no — enn 

December 14. The mercury continued at the ſame height; and this day 
opening the receiver, I found the dough had a very acid ſmell. 

From this experiment 1t ſeems to follow, that ſpirit of wine, even in 
dough kneaded with leaven, hinders the production of air. 

(11.) Anguſt 29. 1 included pears, with a mercurial gage, in a receiver 
full of water, and then intruded air into it, till the mercury reſted twenty- 
ix inches higher than uſual ; within a quarter of an hour, one of the 

rs was broken, and afterwards, almoſt all of it reduced to pulp. 

Aug. 30. In twenty-four hours ſpace, the pears ſeem'd to have afforded 
no air; but on the contrary, the mercury in the gage was depreſſed an 
ich and a half. | | | 
Ag. 31. J found no change in the height of the mercury. 

Sent. 1. The pears began to produce air, and the mercury was almoſt 

WE twenty-ſeven inches high. E 

Ss $71. 2. In twenty-four hours time, the mercury aſcended more than 

Weight inches 3 and now *twas thirty-five inches high. 

Soe. 3. The height of the mercury was increaſed ſeventeen inches; fo 

What now it was about fifty-two inches high. 

Sept. 4. Within twent -four hours, the mercury role ſeven inches high- 

Ar, and then reſted at fifty-nine. 

t. 5. It was fixty-four inches high; and a pear being broken, was 
xecome black. 


In pears. 


ruit, 
Ut, 


wen : : 
path Sept. 6. Three inches and more, being added to the height of the mer- 
ma ury, it came now to ſixty- ſeven inches, and one fourth, beyond what it 
hence as accuſtom'd. 


Sept. 7. It deſcended three inches, and reſted again at ſixty-four. 

Sept. 8. The mercury was depreſſed to fifty-eight inches; and ſome of 

e water having broke out, I ſet the receiver with a ſcrew, 

dent. 9. The mercury aſcended full three inches, and was now ſuſ- 

nded above ſixty- ſeven. 

0-71, 10. In twenty-four hours it mounted one and a half, and ſtopp'd 

oſt at ſixty- nine. | 

Pet. 11. Now it began to deſcend again, and ſtood no higher than 

ty-leven inches; yet I am certain, nothing had eſcaped out of the re- 

ver; but it was a ſharp cold night. | | 

N. 12. No change happen'd. | 

eh. 13. The height of the mercury again decreaſed, and it was not 

ve ſixty-four inches. The cold increaſed. 

| C 14 In twenty-four hours it became higher by ſix inches, reaching 

y. 

t. 16. It was about ſixty- nine | Sept. 20. It again aſcended to 571. | 
inches high. 23. The mercury was again 

C 19. It remained the ſame. depreſſed to ſixty- nine. 

3). 1. It came to the height of ſeventy-five inches. 

Vox. Ile Dd dd 020. 


It (in 
when 
d very 


Jeaven, I 
rd up- 
1 ould 


aſcended 


[ took | 
- 3ncl1ni0f 


double! 


aven, 11 
d no 0 


/ 
Fe 
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PxEvnaTrics Ofob. 3. Yeſterday I found no change at all in the mercury; b : 
nr, reſted at ſeventy — the cold e ſevere, N thy . g 
O#ob. 5. Yeſterday the mercury remained in the ſame place; but ti | Fl 
day it reach'd to ſeventy-five. It was a rainy day. > 3 
Ob, 7. It continu'd rainy; and the mercury continu'd at the fm, M 
height. | 
Odſeb. 10. Hitherto the mercury was not changed; but this day I fond 2s 
it had deſcended to ſixty - nine inches; tho? the rain ceas'd not. the q 
Octob. 12. Yeſterday the mercury ſtood ſtill; but this day it was dt. a 
preſs'd to ſixty-five inches; and the cold weather return'd. of 4 
Oclob. 13. The height of the | Nov. 5. The height was eighty dd e H: 
mercury was ſixty four. a half. The cold abaty, binde 
> inp height g ſixty-nine, 22, The height was ſixty, in 2 « 
I5. was Tſeventy- four. It was a hard froſt, 
24. The height was ſixty-eight. | 27. The height was ſixty.cigh, (1: 
It was a cold ſea- It thaw'd. with 
ſon. Decemb. 6. The height was ſixty. o. broke 
Nev. 2. The height was ſixty- four. It was a very ſos WG 14 
The cold increas'd. froſt. of hal 
From this experiment we may learn, that fruits, in a great comp 31:7 
ſure of the air, cannot produce ſo great a quantity of air; for when Im the but 
an eſtimate of the quantity of the fruits, and of the ſmall ſpace tu Hen 
fill'd with air; I found that quantity of air was not one eighth part of yi entat, 
had been produced in a large empty receiver: tho? the coldneſs of the 
might alſo, hinder the generation thereof, as the following experinat (14.) 
will ſhew. olding 
*Tis farther manifeſt, that the air is produced by ſtarts, and as it wer, uftic'd 
by reciprocations; as all bodies in motion, by the force of their gr: In 6 
vity, or of their ſpring, are carried beyond their point of reſt, and * April 
make many vibrations, or returnings. And tho? cold and heat are notti 41. 
ſole cauſes of ſuch reciprocations, yet they ſeem to contribute mu Nine 
thereto. April 
In paſte again. (12.) Feb. 22. 1677. J included ten ounces of paſte in a receiver, tit WWercury 
would hold twenty-two ounces of water; and afterwards, I thrut as liter, ; 
much air into it, as ſufficed to ſuſtain ſeventy-three inches of merci 
beſides the wonted preſſure. In two hours ſpace I perceived no {li Air, Ic 
change. 11 
Febr. 23. In eighteen hours time, the mercury roſe ſeven inches only, 12 
its height being eighty. 13. 
In fix hours it aſcended three; and its height was eighty-· three. A 
Febr. 24. go | And water ſeem'd to be exp 27 
25. 97 out of the maſs. uy lat 
26. \ Its height 101 1 4 
27. Ä 105 March wh Its height was 10 "a 1 30 
28. 1075 3: "at ſom 
March 1. 112 4&5, It remain'd at my 
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mercury ran up 4 inches; and the height thereof was 125. 
| March 10. Yeſterday the mercury remain'd at the fame height, but 
| this day mounting 6 inches, it reſted at 131. | 
March 21. The cold continuing long, no air was produc'd; but in the 
three laſt days the mercury aſcended 7 inches, and remain'd at 138. 
Vril 4. Yeſterday the mercury had aſcended, but I deferr*'d meaſuring 
the quantity till to-day 3 in the night one of the iron wyres, that ſtrait- 
en'd the 2 was broken, and the receiver thrown to the diſtance 
Jof 4 or 5 foot. 
} : : may conjecture, that the compreſſion of the air very much 
binder'd the production thereof; for that is uſually perform'd in paſte, 
in 2 or 3 days time. Cold alſo much hinders its production. 


with 6 ounces of vinegar, in a receiver; upon which numerous bubbles vinegar. 
broke out. 
= March 2. The mercury, in 24 hours ſpace, aſcended not to the height 
of half an inch; yet ſome bubbles ſtill appear'd. | 
Arch 25, The vinegar always appear'd interſpers'd amongſt ſome of 
Wthc bubbles, yet the mercury aſcended not to the height of one inch. 
W Hence it appears, that vinegar hinders the production of air and fer- 
jentation 3 for raiſins of themſelves afford much air. 


en 14.) April 7. T included 10 ounces of paſte, in a receiver capable of In pa. 
olding 22 ounces of water; afterwards I intruded as much air into it, as 

ver, uffic'd to ſuſtain 128 inches of mercury, beſides its accuſtam'd height. 

m In 6 hours time the mercury roſe 4 inches, and reſted at 132. | 

"oh * April 8, In 16 hours the mercury ran up 9 inches higher, and ſtay'd at 


41. 
Nine hours after, the mereury manifeſted no change. 

April g. In the morning I perceiv'd ſome air had broke forth, and the 
ercury was depreſs'd to 130 inches; therefore I ſcrew'd the receiver 
gicer, and thruſt in 11 inches of new air; the height was 141. 


ot tte 
much 


„ (lit 

ruſt 4s 

1ercury 

ſenſi 4tr. 10. 151] Apr. 14. 7183 
11. (The height 158 13. ( The height 0183 

es och 12. was 3168 16. was 187 
18. 1761 17. C191 


xp | 
he, laſt it aſcended 7 inches, and continu'd at 198, above its wonted 
15 } "af 1 30, The mercury perſiſting at the ſame height, I caſed the ſcrew, 

that ſome air might break out; and when the mercury had ſo far de- 


£7 Dddd 2 ſcended, 
16 


Airil 275, For eight whole days the wo kept its ſtation ; but on 


March 8. During theſe two or three laſt days, the froſt breaking, the ng 


(13.) March 1. 1677. I included 2 ounces of bruiſed raiſins of the ſun, 7s raiſins and 
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Pxzvmarics ſcended, as to exceed its accuſtom'd height, only 50 inches, I pref | 
ſet the ſcrew, to ſee whether, that remiſſion of the ſpring of the air, yg, 0 any 
afford any place for ngw air to be generated; and in 2 or 3 minutes in kep 
I found the mercury to have aſcended ſenſibly higher. ; raſt 
Three hours after; the mercury was found 12 inches higher; for ; the) 
came to 62. 7 
In five hours it aſcended one inch and a half. rece 
May 1. In 15 hours the mercury roſe only one inch. unci 
May 3. Yeſterday it appear'd at the ſame height, but this day it ug 7 
higher by one and an half, and remain'd at 66. A 
May 4. The mercury was not chang'd, and therefore I ſuffer'd all ts inch 
air to eſcape ; but I could not quickly ſet the ſcrew ; whence it is prot A 
ble, that very much air, which at that time was produc'd, got out of th with 
receiver; nevertheleſs, after the receiver was again well ſtopt, I perceiy/ 5 
that 2 inches of air and more had been produc'd in 5 or 6 minutes time. A 
May 7. The mercury, in 3 days, again amounted 2 inches. the | 
May 8. The mercury was higher by half an inch. 
May 11. During theſe two laſt days, the mercury again ran up half x 
inch. I ſet this maſs, almoſt unfit, as it ſeem'd, to produce air ix v4 T 
when in 5 minutes ſpace, the mercury aſcended to the height of an inc, ceede 
May 21. It aſcended not quite 3 inches. 
May 30. The mercury reſted at che height of 4 inches and a half 
By this experiment it appears, that all the air producible from pal, 
may, after a ſort, be generated in a great compreſſion; yet it 1s ſomenhi 
reſtrain*d thereby, for in a leſs compreſſion it will ſoon break out. Ay 
Hence alſo we ſee, that air is producible by ſtarts ; and that it is Aug 
more ſlowly in compreſs'd than in free air; for ſuch a production in th chang 
latter, is uſually over in 2 or 3 days time. more 
Plumbs and (15.) July 30. 1677. I included plumbs and apricocks, many of ten their | 
N 1 being firſt cut aſunder, in a receiver, and afterwards as much air product many 
—_— cherries, as was ſufficient to ſuſtain 64 inches of mercury. He! 
Auguſt 1. The fruits had produc'd no air, but grew yellower than that dred t 
which were in common air. | their © 
Auguſt 3. The mercury roſe a little higher, and the apricock, vii (16. 
remain'd whole, ſeem'd full of drops, like water. gee — 
Auguſt 7. The whole apricock grew ſofter; the mercury ſtood ut * 0 
inches above its uſual ſtation. 3 Hol 
a little, 
Aug. 8. | 61] Aug. 1 ; 73 Ih, 4 
9. ( The height A ” be 5 
10 of it, was 71 15 * 0 1 7 
11 741. 16 and the days following ＋ 
remain d at the ſame he 9. 21 
; 20, T] 
24. The height of it was 77; tho? I certainly knew that nothing l 


iſſbed out of the receiver. | 
29. Fu 
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29. Finding neither the fruits, nor the height of the mercury, changed Przumarres 
any more, I open'd the receiver, and perceiv'd, that the apricocks had 

kept their colour very well ; but the fleſh of them was ſpongy, and their 

ncſte inclined to acid. Many bubbles had broke from them, at the time 

E they were freed from the ſurrounding preſſure, ; 

| July 30. 1677. I included the halves of the fruit, juſt mention'd, in a pj,,z, ng 4. 


full of common air; and with them, others of the ſame kind, pricocks in 
common air. 


4 recelver 
uncut. 
3 WT? 31. The mercury had gain'd the height of eight inches. 
Ag 1. At ſix a- clock in the evening, the mercury was twenty-one 
inches high 3 but, in the other receiver it remain*d unmov'd. 
* Auguſt 3. They kept their firmneſs much better than thoſe included 

with artificial air. The height of the mercury was thirty- five inches. 

Auguſt 4. The height of the mercury was forty- two inches. 

Auguſt 6. The whole apricock ſeem'd not at all alter'd. The height of 
the mercury was fifty-ſeven. 

Aug. 7) The height £81 de 9). The height 1 113 Y 
85 of it, was 095 105 of it, was Q 124 | 
= Thecolour of the whole apricock, yeſterday, began, and now pro- 
cceded to grow yellow. No moiſture appear'd. 
1 Arg. 11 The height $23? Aug. 15, The height $17 

e. 2 165. of it, was 17717 

14 : (163 | 17 and the days following, it 
remain'd at the ſame height. 

Auguſt 27, The height was one hundred and eighty-two. 

Auguſt 29. When, neither the fruit, nor the height of the mercury 
changed any more; I open'd the receiver, and found the apricocks of a 
more acid, and leſs grateful taſte, than the others, in factitious air; tho? 
their pulp was of a very good colour, but ſpungy : they alſo yielded 
many bubbles, as did the others. 

Hence, *tis probable, that the artificial air of the cherries, greatly hin- 
dred the apricocks from producing air; tho? it promotes the alteration of 
their colour and firmneſs; and alſo, ſerves to preſerve their taſte. 

(16.) Oober 10. 1677. I included an ounce and an half of bruiſed, un- Ges in con- 
ripe grapes, in a receiver, that would hold ten ounces of water; and am air. 
drew out no air. | 

O00. 11. The mercury aſcended 21. The height was four and an 
2 little, half. 

12, There was but a ſmall change. | 


22 JThe height remain'd the 
13. The height was half an inch. 28 ſame; but the mouldineſs 
17. The height was one inch. 24 ) encreaſed. . 
18, The heightwas one and an half. 26 5a 
19, The height was almoſt four. | 27$ The height was e 6 
20, The height the ſame; but 30 J 67 oh 
ſome mouldineſs appear*d | Nov. 2. The height was ſeven and 
on their ſuperficies. | an half. 


Nov. 6. 
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PxnumaTics Nod. 6 1 Nov. 18 | 
9 | 9 f 0⁴ 


8 | 10 21 3 
9e The height was < 12 | Dec. 8 % The height was 36 
12 7 15 | 12 39 
14 ; 17 27 \ 39 Nt 
Fan. 6. 1678. The height was 36. The air broke out. 
Grapes with Oftob. 10. 1677. I made the ſame experiment in another receiver, gh. 2 
ſpirit of wine. ſerving the ſame circumſtances; only here I mixed two drams of ſpirit gf M. 
wine with the grapes. As 
Octob. 11. The mercury was not | OZ. 17. It aſcended a little. out. 
changed. | 18. The height of it was 50 He 
12. There was no change. | yet a quarter of an inc, ders f 
13. The mercury was not 19. It was moved but ae (1 
| moved. | little. 5 
Fan. 6. The grapes, during all this time, had produced no air, ounce 
Whence it appears, that ſpirit of wine hinders fermentation. Ap 
A peach in an (17+) O#0b. 17. 1677. I puta peach into an exhauſted receiver, yi An 
exhauſted re. ſome quantity of ſpirit of wine, which could not touch the peach, u. Ma 
ceiver, with [eſs in vapour. paſte \ 
ſpirit ef wine. March 27. 1678. I took out the peach, which had kept its colour 1 
but loſt its firmneſs. Though the receiver was ſmall, yet it was not 
filled with air; for when open'd, the air ſeem'd to ruſh into it: the peach 
being ſoftned, was ſo depreſs'd, that the lower part of it touch'd the ſpirit 
of wine; the ſuperior part, alſo, had contracted the taſte of the ſpirit a Ju 
wine, as well as that which was immerged 1n 1t. 
Peaches in air (18.) Octob. 17. IJ included five peaches in an unexhauſted receiver; 
ith ſpirit of and with them, ſome ſpirit of wine, which could not touch the peaches April 
tine. unleſs it were elevated in vapour. ak 
Octob. 18. The mercury aſcended | Nov. 6} The height ; 14 Wi; 0; 
not at all. | | 12 5 of it was Q16 ' April 
20. The height of the mercury 14 Vt kept the ſame eo 
was three and an half. | 16 height. ; Ari 
21 54 | Dec. 8) og. height 18 . 
8 7 16 of it was 9.9: 3 
23 The height of it was 9 | 27 20 WW 1121 6 
26 92 | Fan. 6. 1678. It was 23. 17 
Nov. 2 12 | March 28. 1678. It was 315. 40 


Peaches in air Octob. 17. I included five peaches in a receiver full of common an 
without ſpirit without ſpirit of wine. 
* Ofob. 11. The mercury aſcended not at all. 

Octob. 20. The height of the mercury was five inches. 


celver c: 
Wine up 
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Hab. 21 ) | 8 | Nov. 12 20 PazuMATICS 
0 22 92 14 * SVSS 
23\ The height 11 16\ The height 21 
260 of it was }12 Decemb. & of it was 126 
Nov. 2N '15 | 9 262 
6 -£ 27} 28 + 


Pan, 6. 1678. The height was 32. 
March 28. 1678. The height was 33 £. | 
April 15. The liquor in the lower part of the receiver, had all broke 
out, and the air followed it; then I took out the peaches. 
E Hence we learn, that the very vapour of ſpirit of wine, ſomewhat hin- 
ders fermentation 3 yet much leſs than the ſpirit itſelf, 
(19. ) April 27. 1678. I included an ounce and a half of paſte, mixed Pa/e with lea- 
with leaven, in a receiver full of common air, able to hold twenty-three © in con- 
ounces and a half of water. * 
Asril 28. The height of the mercury in the gage was two and a half. 
Atril 30. The height of it was three and a quarter. 
ay 4. The mercury was depreſſed, tho' no air broke away, and the 
== paſte was mouldy, The height of it was two and a half. 

F May 6Y 14 May 17) | 
8 (The height) 3 20( The height )5 


2 C RG OO EP FO I OO. "IOES . 4 - 
* 3 = 8 n 2 S che — * ** 
4 _ * "of * * 


i 10 (of it was 32 24 (of it was 6 

8 14 4 28 10 

of June 2 9 9 July 57 The height 5137. 
3 6 . 10 194 of it was + 5 


Ari zz. 1678. J included an ounce and a half of unleavened paſte, with p,z; wirhour- 
common air, in a receiver, capable of holding twenty-three ounces and a Jraven in com- 
Whalf of water. mon air. 
= 477i! 29. Hitherto the mercury had not aſcended ; but this afternoon ĩt 

Poſe a quarter of an inch. 
Ari, zo. There was no change. vt; 
£ May 4. The mercury aſcended but very ſlowly, and the paſte was moul- 


1 
ET) 
=) 


May 6. The height of the mercury was four inches. 


May 8) 5+ | May 24) 65 

n 1 ( Te height ) 7% 7e 2 6 The height ) 20 
4 of it was 10 of it was x 

17 12 4 6 212 

20 1327 14 25 


Hence it ſeems, that leaven rather hinders than forwards the production 
fair, if the paſte be not made in a hot place. 
(20.) May 23. I included an ounce and a half of unleavened paſte, in a Pafewith jpi- 
cerver capable of holding twenty-five ounces of water, and pour'd ſpirit 7 wine. 
ine upon it. | 

May 


038. 
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Paſte without 
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May 24. The mercury was one inch high. 0 
May 26, It was almoſt two inches | June 2 35 3 
high. 6c The height of it waz 4 
27. It was two and a half. 10 if 


31. There was no change. | July 19. No change. 

Decemb. 14. When the height of the mercury alter'd no more, I oper 
the receiver, and found that the paſte had an acid ſmell. 

May 23. I included an ounce and a half of unleavened paſte, in a rec. 


ſpirit of wine. ver, capable of holding twenty-five ounces of water; but added no ſpirit 


2 open'd the receiver, and found the paſte very acid. 


New. ale inclu- 


ded in recei- 
Vers. 


.duction of air; and the more, if the paſte be fermented ; and that unt. 


fermented. 


of wine. 
May 24. The mercury aſcended not. 
May 26. It was three inches high. 


May 27 4 + | June 6 n Th 
28 8 23 10e The height of it wh | No 
29 The height of it was 7 | July 4 0 We; v 
0| 9 1 19 The mercury a little c 
June 2 12 ceeded thirty inches. Tl ried, 


day the air broke out, and, therefore, I ſet the ſcrew. 
Decem. 14. The mercury return'd to the height of fifteen inches; win, 


Hence it ſeems to follow, that ſpirit of wine greatly obſtructs the pr. 


he cont 
herein 


be left f 


mented paſte will, in tract of time, produce no leſs air than that which 


(2 1.) Ofob. 11. I exactly filled a receiver with new ale, ſo that noar 
might be left; and included another quantity of the ſame in another ret 
ver, wherein ſome ſpace was allowed for the air. 

OFob. 12. The cover of that receiver, which contained ſome air wy 
broken; and, therefore, I poured the ſame ale into another recent; 
wherein there was room enough left for the air: in the receiver, exally 
AIFd, the mercury aſcended a little. 

Octob. 13. In the receiver, exactly filPd, the height of the mercury 
twelve inches; in the other, thirteen inches; tho? it had been ſhut ui 
ſhorter time, and a much larger ſpace was left, whereinto the air, ne 
produced, might have been dilated, 

Ofob. 14. In the full receiver, the height was thirteen ; in the ot 
eighteen. Towards evening, the full receiver work'd the faſteſt ; for tt 
height of the mercury in it was twenty-two and the other but tue 
ty. 
OAob. 15. In the full receiver, the height of the mercury was forty 
two; in the other, twenty-ſix. And ſome bubbles of air, which, 
the full receiver, had poſſeſſed its upper part, wholly vaniſhed; a 


the ale poſſeſſed a long ſpace, in the mercurial gage, wherein it was 
found: before. | 


07a. 
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They 16. In the full receiver, the height was 60 inches. PNZuxaArtes 
nn In the other 30. 4 SVN 
18. In the full receiver, the height was go. 

In the other 40. 
22. In the full receiver, the height was 90. 
In the other 42. 
23. In the full receiver, the height was 108. 
In the other 30. 
26. In the full receiver, the height was 108. 
In the other 60. 
28. In the full receiver, the height was 133. 
In the other 63. 
The bubbles appear*d again, yet nothing flowed out. 
Nov. 8. The full receiver loſt much of its liquor; wherefore, I open'd 
It; when all the ale ſeem'd as if it would have vaniſh'd into froth, unleſs 
had ſuddenly ſtopt the little hole, that gave it vent. I many times 
ried, that, if the hole were opened in the Sage, the mercury would pre- 
Fently deſcend 3 but if the hole were again ſtopt, it would ſpeedily aſcend. 
The ale had a moſt pungent taſte, _ 
Nov. 9. I opened the other receiver, and obſerved almoſt the ſame 
hings. H 
| = it ſeems to follow, that ale, if the air be wholly excluded from 
We containing veſſel, will ferment more ſlowly, than if ſome air be left 
Wherein 3 and that, in time, it makes a greater compreſſion, if no room 
he left for its dilatation. | 
© (22.) June 27. I put green peaſe into an exhauſted receiver, with ſpirit P:aſe with ſpi- 
vine. Towards the evening, the receiver ſeem'd to admit the exter- vit of wine, in 
Wal air, and the mercury roſe to the height of eighteen inches, when I ©” **244/fed 
Woſcd the cover with turpentine. TON I 
June 30. I perceiv'd no more change in the height of the mercury. 
July 7. No air was produced, even in the moſt vehement heat. 
Le. I put other peaſe into an exhauſted receiver, without ſpirit of „%% ibn 
ie. The receiver, and the quantity of the peaſe, were the ſame as in hi of wine, 
e laſt experiment. | in an exhauſt- 
Vine 28. The receiver was full of air; tho?, I think, it was not exactly 74#iver. 
ut ; and therefore, I again included the ſame peaſe. Towards evening, 


＋ height of the mercury was five inches. 

* June 29 10 | Fuly 5) The height 526 
* 30 > The height of it was 416 7 of it, was 30 

TR OR 19 

* uly 8. The air got out of the receiver. 


_—_ it appears, that ſpirit of wine hinders the production of air in 
e. That the effect. 


was 00 2 ; 
hs 23.) June 9. 1 677. I put cherries into an exhauſted receiver, and in fix gf artificial 
time the mercury came to the height of five inches and a half. air differ from 
0. thoſe of the 


common, ſbetur 
Vo I. II. Eeee June in cherries. 
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Pxzumarics June 20. The mercury aſcended three and a half. Towards the eye 
ing it was two. ; 

The aſcent is here always to be underſtood, as added to the forme; 


June 21 is June 26 
22 3 27 1 
23 % The aſcent was A2 28 (The aſcent was and 
24 | 3 30 H 
25 I; 

July 1 . a 


Tuly 75 The aſcent F2; 
5) was 1 


3 
2 > The aſcent was 4 ; 
2 


The eight was forty-eight. But, tranſmitting the air into angtls; 
receiver, the mercury was depreſſed to thirty-five inches. 8 
July 6. The aſcent of the mercury was 4 inches in one night's time, 

7. The aſcent of it was five and a half in twenty-four hours ting 


8. : 
9.> The aſcent of it was 35. 
10. 6. 


11. The aſcent of it was twelve, in the ſpace of thirty- four hours, 
12. The aſcent of it was ſeven. 
13. The aſcent of the mercury was three; the height about nine. 


Aug 
two inches: but the air being transferred into another rec. 


che ai! 


ver, the mercury reſted ar fifty. = 2/7 

14 The aſcent i 14 167 The aſcent 'b 3 out th 

I5 was II 17 was 5 W forme! 

18. The aſcent of the mercury was 9; the height of it 102, but tat 

19. The height of the mercury was 92 for I tranſmitted p ny cay 
the air into another receiver. W thick, 


20. The aſcent of the mercury was fifteen. 4 
22. Some air got out, and the height of the mercury was 6; ; i 
23. The aſcent of it was 12 ;. | Preſery 
24. The aſcent of the mercury was 43 the height of it 79 ne, remain 

but the air being tranſmitted into another receiver, the i (25, 


Fro 
be infe 


cury reſted at 62. ceiver, 

2 5} The aſcent 58 270 The aſcent 44 vater; 

26 was 29 28 was 5 Sept, 

30. The aſcent of it was 10; the height ninety- eight. Part of the SH, 

air being tranſmitted into another receiver, it reſted al ſixty Sept, 

four. 

31 6 
Aug. 1+ The aſcent of the mercury was 39 
2 4 


3. Itranſmitted the air into another receiver, and the mercu')” 
main*'d at ſixty-eight. 
4. 1 tranſmitted the air again into another receiver, and the Kesten! 

cury reſted at fifty- four. 4 1 


Septe mM 
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* The aſcent of the mercury vas. 


8. There was no aſcent. 
{ 9. The aſcent was three inches. 
* The receiver being open'd, I found the cherries of a whitiſh colour, 
E .,d of very little taſte, though not ungrateful ; their fleſh was ſpongy. 
3 Hence it ſeems to follow, that cherries contain much air, and that they 
, produce it very irregularly. 9 | 
( 24.) July 13. 1677. I put cherries into an exhauſted receiver; and 
then tranſmitted into the ſame, as much air, produced from other cher- 
* ries, as ſufficed to ſuſtain fifty inches of mercury. 
July 15. Yeſterday, the mercury had not aſcended at all; but this day 
it was two inches higher; that is, twenty-two, above its wonted ſtation. 
| July 16. The height of the mercury was twenty-three and a half. 
7uly 17. The height of it was twen- | was forty-five. More air 
ty-hve. eſcaped. 
26. The height of it was for- | 30. The height of it was fifty- 
ty-three. Some air got two. 


out. 31. The height of it was ſixty- 
27. The height of the mercury | one inches. 


Auguſt 1. The height of the mercury continued nearly the ſame, though 
the air broke out. 

Auguſt 27. The air, having been all broke away for ſome time, I took 
out the cherries, and found them not to have loſt their colour, as in the 
former experiment: they had contracted no putrefaction, nor mouldineſs, 
but taſted a little more acid than uſual ; and being opened, there were ma- 

ny cavities in their fleſh, as in fermented paſte, or dough, but not quite ſo 
thick, 

From this experiment, compared with the former, it may, probably, 
be inferred, that in artificial air, fruits produce leſs air, and ſo the better 
preſerve their colour and taſte z for the cherries, in the former experiment, 
remain'd in the receiver, not much longer than in this. 


1 . * * 
c * * yr 0 : 
— ; 
3 ba 5 1-164 it r . 
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(25. ) September 10. 1677. I put ſix ounces of unripe grapes into a re- Grapes in an 


| c£iver, with common air, capable of containing twenty-five ounces of mor air. 


vater; and ſtopp'd it firmly by means of a ſcrew. 
Sept. 11. The mercury aſcended not at all. 
Sept. 12. The mercury ſtopp'd a little below one inch. 


ang Sept. 13 32 Sept. 18 16 
1 ( The height ) / 2 CTbe height 0 
10 (of it was 512; of it was 
16 J 125 21 22 

| 17 14 224 234 

1 S-ptember 23. The height of it was 27. The grapes were not alter- 
ed. 

* Scptember 24. The height was 30. | 

6. Ti 25. The height was 31. The grapes began to grow yellow. 


eee 2 


Septemb. 
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Pariet Seplemb. 26) The height F 32 Sept. 29 f The height j 
9 | 279 of it was Q 34+ 30 of it W» = woe 
October 1. The height remain'd at 35. : W 7 
October 2 Octob. 10 The height 3j neis, 
5 The height of it was 36 254 of it was 1 4 105 
| the 0 
The air got not out, but the cold began, and increaſed. | 7% 
November 9. The height remained the ſame. neſs, 
December 19. Almoſt all the air efcaped. main 
December 20. I took out the grapes, and found by their ſmell and this FT A 
taſte, that they had contracted ſome mouldineſs, though not diſcernihls opene 
by the eye. They were more firm than before. cial a 
Grapes in fe- (26. Sept. 10. 1677. I included two ounces of crude grapes in ar. 26 in 
8 W's ceiver, capable of holding eight ounces of water; and to the comma better 
air added air produced out of pears, till the mercury reſted ten inches x Wave 
bove its ordinary ſtation. 5 Folou 
Sept. 11. The mercury deſcended, and its height was eight inches. Weeme: 
Sept. 12 The height of it was 11. The afcent 3. ed in | 
Sept 13 4 The height 1 FX 2 Sept. 15 T The height | 12 | 

14 of it was (0.20 16 of it was t 24 It ſec 
Sept. 17. The height was 28. The grapes turned yellow. Apt to 
Sept. 18 29 Sept. 22 J The height ſ 2 

19 (The height ) 30 23 J of it was 1» Ay 
20 (of it was Y31 Some air had broke out; andtie ; 3 
21 33 grapes were of a yellow ci e 


Sept. 24 } The height of the 1 25 4 70 

25 mercury was 22 
26 The height almoſt the ſame. 
27 22 


29 > The height of it was 27 


30 
| Octob. 1. and 2. The height 28. 
Octob. 52 The height 1 37 Oktob. 10) The height 5 
31 


6 was 13 was 31 
Novemb. 9. The height was 13. Some air had got out. 


December 19. The height of the mercury was 20 inches. 23 
Decemb. 20. I took out the grapes, and their ſmell and taſte ver 25 
— than of others; their firmneſs rather increaſed, than dim: 26 
niſhed. 2 
Hence, factitious air ſeems fit to alter colour, and to preſerve taſte; y 
but the firmneſs might be increaſed here, as in turpentine ; the ſpirits, i ence j 
time, being exhaled. the proc 
3 - P ( 27.) July 18. I took two pieces of orange, and, by the help of a ſcren, 29.) N. 
Ritious air, ſtopped them cloſe up in a receiver, with common air; when, into the an: cha mer. 
receiver, I put air, produced out of cherries, as much as ſufficed to ſuti ¶ Metation 


2 | 1 
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„inches of mercury. At the ſame time I put a piece of the ſame orange Przvnaracs 
: . ICE with common air alone, and uncompreſs'd. 98 
* uly 20. The orange in the common air began to contract a mouldi- 
nes, but the other ſeemed not at all altered. 8 
0 July 23. The mouldineſs of the orange, in the common air, increaſed ; 
the other piece remained ſound. Ee ; . | 
* July 16. The orange, in the common air, did not increaſe its mouldi- 
® neſs, but ſeemed wholly rotten ; the other alſo began to putrify, but re- 
© mained free from mouldineſs. 
Ag. 1. Perceiving that the oranges were no longer ſenſibly changed, I 
opened the receivers; and tho? the air, where with I had mixed the artifi- 
cial air, was ſo compreſs'd in its receiver, that it could not now ſuſtain 
26 inches of mercury above its wonted preſſure, yet the fruits were far 
Petter preſerved in it than in the other; only the ſuperficies ſeemed to 
Wave loſt its juice; but all the inner parts, with the rind, were very well 
oloured, well taſted, and firm ; in the other receiver the whole orange 
Neemed almoſt rotten, as well as the rind. The orange was more corrupt- 
Sd in the compreſſed air, becauſe, as it ſeems, no factitious air had been 
mixed with it. | 
I ſeems worth obſerving, that the ſame air generated from cherries, is 
apt to produce different effects upon fruits of a different kind; for here it 
getarded the alteration of colour and firmneſs, which, when I included 
ir with apricocks, it accelerated. 
8 (28.) July 20. 1676. J included a ſmall piece of beef in an exhauſted Beef in fad 
eceiver, and put as much air produced from cherries into it, as ſuſtain'd . dir. 


F 25 

uh) 26. The beef had removed the receiver from its cover; and be- 

Wuſc it was very fetid, we threw it away. | 

ich 20. 1676. J put a piece of beef into a receiver full of common air, Bref in com 
d carefully ſtopt it in by means of the ſcrew. mon air. 

Wy /y 21. The mercury had not at all aſcended in the gage. 

ih 22. The height of the mercury was one inch. 


23 3+ 
ven 25 The height of) 94 
dim: 2 it was 142 18. 
27 4: B In the evening 3 26. 
falle; 28. The ſcrew not being tight, ſuffered the air to break out. 
ts, 5 lence it appears, that air produced from cherries, is a great hindrance 


the production of air from fleſh. 


ſcre 29.) March 14. 1676. I put 2 onions into a receiver full of common air, 5 ._ .. .__ 
ie (amt ch a mercurial gage, and faſten'd the ſtopple with a ſcrew, to ſee whether — TM 
ſultain xetation would increaſe or diminiſh the quantity of the air, 


March 
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_ Pxromaries March 28. The mercury ſeemed depreſſed one quarter of an inch! $ 
it afterwards recovered its former height, and two inches more: kt or a ye 
the air broke out, and the roots grew longer. 8 LY 

April 28. About ten or twelve days ſince I perceived the root; 1, ,, . 
corrupted ; and now they were wholly putrified. *. gra 
May 9. The mercury continued at the ſame height, for the air }, f 
broke away; and therefore I took out the onions, and found their ; l lour 
8 rified, but they were not at all mouldy. and [ 
— in fa (30.) March 17. 1676. I included two onions in an exhauſted rece;; in the 
#12045 a and afterwards put air produced from paſte into it. K ſame 
March 28. The onions took root, at leaſt as well as thoſe which! (3 
kept in the common air. prod! 
April 28. The ends of the roots began to putrify, yet they were inf 2 
better caſe than thoſe ſurrounded with common air. Perhaps the cauſ: 44 
this difference is, that a greater quantity of water was included with tx 4 
artificial air. The mercury mounted higher by 9 or 10 inches. A. 
May 18. Hitherto the onions ſeemed not at all corrupted ; but this a 
I found one of them to be a little ſo, tho? different from a mouldine; Ai 
Hence we may gather, that artificial air doth not at all hinder va, mixed 
tion; and that not only the ſenſible magnitude of the body, but alot Sew 
; quantity of the air, is increaſed by vegetation. Ag 
Unripe grapes (31.) Auguſt 25. I included 6 ounces of unripe grapes in a receiver, u Aug 
4 £0198 d, pable of holding 25 ounces of water; but did not exhauſt the air. ug 
Auguſt 26. The mercury aſcended a little. That ne 
27, The height of the mercury was one inch. Aug 
28. The height of it was 1 5. 1 
29. The height was 1 4. Pocha 
Auguſt 30. The mercury ſeemed to have deſcended, rather than ae Then 
ed. The colour of the grapes was leſs altered here, than in the tα, IR on, 
containing air produced from pears. (33- 
Aug. 3 1. The receiver broke, and I left the grapes expoſed to the frei Wl 7 = 
Sept. 7. The grapes being left in the free air, ſtill kept their green - 70 
8 lour, and were of a grateful taſte, tho' leſs pungent than before. ; "ay 
Unripe grapes Auguſt 25, J included two ounces of unripe grapes in a receiver, af | 71% 
ar fatii:iows ble of holding eight ounces and a half of water; and having ſtopt it cat wy | 
; with a ſcrew, I filled it further with air produced from pears, till it WF A 
ſtained 15 inches of mercury. 2 Fat 
Auguſt 26. Some air eſcaped, and therefore I crouded in new, pra 7⁴Y. 
ced out of the ſame pears, till the mercury reſted 17 inches abort 1 ta 
wonted height. | ron che 
Auguſt 27. The mercury was depreſſed below the 16th inch, yet no Fuly 2 
had broke out. Towards evening the mercury again aſcended to 17. Toward 
Aug. 28 | 19 | Aug. 31 233 ry 
8 The height of it mJ: I | Sept e 1 Eh height of it nah uy 26 : 
30 22 2 2 27 


95 1 
4 
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Sept. 4. The laſt height continued, and the grapes had all contracted it 


2 yellow colour. 
Sept. 5. The air broke out. 
Sept. 7. The air continued to get away, by degrees ; I took. out the 
rapes, and found them very inſipid, and of an ungrateful taſte. 
This experiment confirms the efficacy of artificial air, to alter the co- 
jour of fruits. Tis alſo, very obſervable, that here it damaged the taſte, 
and promoted the production of the air, contrary to what had happened 
in the former rg Ic a be worth while to try, whether the 
© fame would happen in all unripe fruits. 
| (32.) 4uguſt wh 1676. I ſhut up a July-flower in a receiver, with air { z= 
produced from paſte, made with meal, and not mixed. pr 4 
Aug. 4. The flower began to change its colour, and to grow moiſt. 
Aug. 9. The July-flower was a little alter'd. | 
Aug. 12. The moiſture gradually increaſed, but no mouldineſs appear'd. 
Aug. 31. The July-flower ſeem'd little alter*d, tho? it was leſs freſh 
chan thoſe which were kept in vacuo. 
Aug. 2. I ſhut up a July- flower in a receiver, with common air, not I common air. 
mixed. 
Aug. 4. The flower was not changed. 
Aug. 9. It grew moiſt, and had almoſt loſt all its colour. 
Aug. 12. A great mouldineſs cover'd all the flower. 
Aug. 2. I included two July-flowers in vacuo, and took ſpecial care, J- fer. 
that no humidity ſhould be included with them. in vacuo. 
Aug. 4. 1676. One of them began to appear moiſt. 
$ tug 31. 1677. During the whole year, the July-flowers had ſuffered 
Eno change. 
& Hence it ſeems probable, that factitious air haſtens the change of colour, 
Het it prevents mouldineſs as a Vacuum. | | _ 
633.) July 24. I put apricocks and ſome plumbs, ſeveral of which were 4pricocks and 
ut in pieces, in a receiver full of common air, and ſtopped it firmly with i in 
ſcrew. . comme 4. 
July 25. The mercurial gage was ſpoiled : ſo that I could not, by any 
Wncans, perceive the quantity of the air generated. 
July 30. The fruit ſeemed not at all alter'd, except that one of the cut 
Plumbs had contracted ſomething of mouldineſs. 
Aug. 2. I open'd the receiver, and found all the fruit firm, of a good 
WT olour, and a grateful taſte. 
a 24. I made the ſame experiment in another receiver, with the The ſame in 
me circumſtances z only into this laſt receiver, I intruded air, produced“ Hcial «ir. 
rom cherries, till it ſuſtain'd twenty-two inches of mercury. 
July 25. The mercury deſcended three inches, and reſted at nineteen. 
Loward the evening, it recover'd its former height, and reſted at twenty- 
WO, 8 
July 26 
27 


; „ Ff28 | Fuly 28 : 36 
uly 
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PxzumaTics July 20, The height was forty-four. The apricocks which we 


began to moiſten, and diſſolve into water. te ct, , 
July 31 f 51 
ae. 4, The height was 15 x 1 


Aug. 2. The height was ſixty-five. Towards evening, when ſome liqu 
had eſcaped out of the receiver, I ſcrewed it tighter ; but one of the * 
wires being broken, all the air got away. Wherefore, I took out 4, 
fruits, and found them very ſoft ; eſpecially thoſe, whoſe lower Park 
were immers'd in the water; the reſt were a little more firm, but all 
them retain'd a grateful taſte. 

Hence it ſeems, that air produced from cherries, promotes the alter, 
tion both of colour, and firmneſs in apricocks. 

It appears alſo, that ſome part of ſuch air is deſtroyed at the fir. 

Plumbs in com- (34.) July 30. 7 7 I put plumbs, cut aſunder, into three receiver, 
Gificial air, dne of which was full of artificial air, produced from gooſeberries; g. 
ad in vacuo. ſecond full of common air, and the third exhauſted. 

Aug. 2. In the artificial air, the plumbs were not changed; in thecyy 
mon air, they began tobe mouldy ; but in the evacuated receiver, they 
retain*d their colour, and were ſoit. 

Aug. 5. In the artificial air, the plumbs had contracted a red cobu, 
humidity, and ſoftneſs ; in the common air, they ſeemed black and mail 
dy, yet retain'd their firmneſs ; in the evacuated receiver, they were. 
moſt difſolved. 

Aug. 7. The plumbs in the common air, began to ſoften, 

Aug. $.The plumbs in the common air, ſeemed to have loſt their bla 
colour, and to have contracted a red one; as it happen'd three dayste 
fore, to the plumbs in the artificial air. 

In this experiment, artificial air ſeems to have promoted an alteratin 
* Sept. 24. I put five peaches into a receiver, with common i- 
mon and arti- mixed with ſome produced from grapes; and included the grapes then 
ficial air, ſelves in the ſame receiver, that the common air might be the better ſits 
Mixed. Tated with the artificial. 


Sept. 25. The height of the mercury was twenty-one inches. 


Sept. 26 23 | Sept. 29 "y F720 
27 The height of it m3 31 job The height of it vad id pea; 

28 39 | Ofob. 1 3 Wd cd aj 
OZob. 2. The ſame height continued. Pree inc 

3. The height of it was 52 and a half. Aug. 


5. The height the ſame ; but the peaches ſeem'd mail 
6. The height of it was 58. 

7, The height of it was the ſame. 

8. The height of it was 61. 
11. The mercury aſcended a little. 
19. The height of it was 65. 
25. The height of it was 61. The cold was ſharp. 

27. The cold abated, and the mercury aſcended. 
30. The height was 61, and a little more, Ne 
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Nov. 2. The height of the mercury was 59. It was ſevere cold wea- am” 
3 6. The height was 61. The froſt broke, and it thaw'd. 
7. The mercury ſeemed ſomewhat higher. 
9. The mercury perſiſted at the ſame height. * 
Dec, 9. In one month's ſpace, the mercury aſcended, by degrees, to 
© the height of eighty inches. 1D : 
| April 1. 1678. The mercury came to ninety- ſix inches above its wonted 
© height. I now opened the receiver, and whillt the air was breaking out, 
the peaches emitted many bubbles thro? their ſkins, not without a violent 
noiſe; and the ſkin, in ſome of them, was broken: they had preſerved 
© their taſte, and the colour of their pulp; but loſt their firmneſs, as if they 
nad been boiled; being left in the air for three hours, they were all rotten. - 
S This experiment proves, that common air corrupts bodies, tho' much 
e leſs for being mixed with factitious air. | 
(36.) Auguſt 4. The firſt receiver. I cut five pears, each of them into Pears in con- 
our parts; and put one part of each into a receiver full of common air, nen air. 
und ſtopp'd it cloſe with a ſcrew. 
Ag. 6. *** colour of them was a little alter*d, and the mercury aſcen- 
d not at all. | | 
Aug. 7. The pears were little alter*d, and the mercury was a little higher. 
Aug. 8. The pears underwent no great change; the height of the mer- 
Fury was four inches. 
Ag. 9. The height of it was four and a half. 
Aug, 10} The height 6 | Aug. 131 The height 516 
1 11 of it was „ By a 14 of it was 442 
ES The pears began to be ſoft. | 
Aug. 15. The height of it was 21. 
: 16. The height of it was 19. I believe the air had gone out. 
17. Now I found the air had eſcaped. 
18, The air being almoſt all got out, ſince yeſterday in the even- 
ing, and the fruit looking worſe, I took the pieces out, 
| and found them putrefied. | 
Aug. 4. The ſecond Receiver. I took one quarter of each of the afore- Pears in arti- 
id pears, and included them, after the ſame manner; and, afterwards, Acial air. 
Wded air, produced out of cherries, till the mercury poſſeſs'd twenty- 
Wree inches extraordinary. | | | 
Aug. 6. The fruit was not alter'd, except alittle in their colour. 
Ag. 7. Almoſt all the pieces ſeem'd rotten z the mercury remaining at 
e lame height. 
Auguſt. 8. The pears were not alter'd much: but I could not ſee the mer- 
Wry. 
Ag. 10. They, gradually, grew ſofter ; and the mercury was forty 
ches above its wonted height. 
Aug. 115 The height Y 51 | Aug. 141 The height (67 
13 of it was +. 8 of it was 73 
Vo r. II. ff 


Ne 


Aug. 
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Pariet Ang. 16. The mercury deſcended ; yet nothing had got out. 
Wy Aug. 17. The mercury exceeded not ſix wy — — in height; 

the air could by no means eſcape. | | 78 
Aug. 18. The mercury remained at the ſame height; but ſufferin th 
air to break out, it had a ſharp odour ; and the taſte of the fruit — 
. very acid, and the pulp exceeding ſoft. TO 
ears in an d 1 
unſtapp'd recei- Hug. 4. 1677. The third receiver. I put a quarter of each of y, i] 
ver, aforeſaid pears into a receiver, not exactly ſhur. 7 
Aug. 6. The pears ſeem'd to change their colour. F 
Aug. 7. One of the pieces began to loſe its firmneſs 3 but, in the n. 
tificial air, another piece yeſterday feem'd wholly rotten. TE Sy, 
Aug. 8. One piece was mouldy; the reſt were ſoft. 4 
Ang. 9. The pears gradually grew more rotten. 
Ang. 11. They were wholly mucid,, and rotten. 


This receiver, compared with the ficſt, ſhews, that corruption begin butt 
not in the free air ſooner than in included air; but, when begun, that = OC: 
is much more violent and ſudden ; becauſe the included air may be fit. Neem 
ted. 3 133 5 8 5 | very t 

Pears in va. Aug. 4. 1677. The fourth receiver. I included one quarter of each d endin, 
cuo. the ſaid pears in vacuo. | Aug 

Aug. 6. The height of the mercury was 5. aforeſa 


Aug. 7 8 Aug. 13 | 20 
. Ay 
8 „ o. .34C The height J2; 5 
t*þ The height#''2 þ + - 1 15 Ciro was Y25 | Aug. 
' (ef it was 5} ff © | Ag. 
"ION; + ic; 1 14 ar Þ C28 A 
16 14 - e 


11 
20. Hitherto the pears had undergone no alteration; but this day tl 
began to be ſoft. The mercury aſcended not. 
Aug. 26. Neither the pears, nor the height of the mercury, wer i 
ene 1 E | 


4 Aug. 
quirec 
Aug. 


This production of the air ſeems very regular. Aug. 
Hence we find the aptneſs of artificial air to ſoften fruits. A. 
And that the production of air was here promoted by artificial air, antity 
very probable; tho? it had ſucceeded otherwiſe with apricocks. Ag. 2 
Apricecks in (37.) Auguſt 21. 1677. The firſt receiver. I divided fix apricocs, Ag. 2 
Fommon au. each into four parts; and put one piece of each into a receiver full « iWmain'g 
common air, and ſtopp*d it firmly with a ſcrew. | Ws. 3 
Aug. 22. The apricocks ſeem'd riper than yeſterday ; but no ar v height 
produced by them. " FL 
Aug. 23. One piece, contiguous to the water, began to be mouldy, 1% WF 6-14 1. 


the reſt inclined to putrefaction. The mercury ſeem'd to have aſcended 
little. Þ 
Aug. 24. A piece next the water, was cover'd with much mouldin 
another piece, more remote from the water, was ſomewhat mouldy dd 
but all were rotten. 


os 


* 
Ih 
— 
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Aug. 25. The fruit contracted no more mouldineſs; but the putrefa- PNA Tie. 
2 The height of the mercury was ſeven inches. SY 
Aug, 26. The height of the mercury was 15. 
28. The height of it was 30. r 
29. The ſame height continued. Dai 9 13798 
30. The height of it was 33. The fruits were almoſt all diſſolved. 
31. The height of the mercury was 38. WAIT 
© $:ptemb. 1. The height of it the ſame. 
1 2. The ſame height ſtill. 
i 3. The mercury aſcended a little. . 
® Septemb. 42 The height 1 41 | Septemb, 15 The height EF 45 
ö - of it was 43 89 ol it was 46 
Septemb. 9. The ſame height continued. 1 EEG | 
Sept. 22. Little or no change appear'd in the height of the mercury ; 
Wb ut the fruit was almoſt diſſolv'd into water. | 
&# 05:5. 1. When the mercury continued at the ſame height, and the fruit 
ſeem'd almoſt vaniſh*d, I open'd the receiver, and found the apricocks 
very much impaired and ſoft ; yet they retained a taſte not unpleaſant, but 
tending to acid. 5 
Ag. 21. 1677. The ſecond receiver. I cover'd one quarter of each of the 4/ricocks in 
Eforefaid apricocks, with a receiver, not defended againſt the external air. 160g nw” 
Aug. 22. They were flaccid, as if they had been dry, or wither'd. ; 
Aug. 23. Many of them appear'd rotten and mouldy. 
Aug, 24. The apricocks were wholly putrefied, and mouldy. 
Aug. 21. The third receiver. I included firmly, by the help of a ſcrew, The ſame. is 
ne quarter of each of the aforeſaid apricocks, in an unexhauſted recei- one anexbau/- 
er; to which I, afterwards, added air produced from pears, till it ſu- e, with an dd. 
Main'd 20 inches of mercury. 1 dition of fact i. 
Aug. 22. The mercury aſcended not at all; but the fruit ſeemed to have 
Wcquired a greater degree of maturity, than that included in common air. 
Aug. 23. Theſe ſeemed leſs alter'd, than thoſe which were in common air. 
Arg. 24. They remain'd unalter'd. ; 
Aug. 25. The fruits began to produce air, but I could notdiſcern the 
antity. | $ | FOE 
Aag. 26. Little alteration in the fruit. | dy 
Aug. 28. It began to moiſten, yet was far leſs alter'd than that which 
WEmain'd in common air. | Wi 
Ag. 30. The mercury emerg'd above the bodies, by which it was hid. 
beight above the wonted ſtation, was thirty inches. 
Ag. 31. The height of the mercury was forty inches. 
Set. 1. The height of it was the fame. 
2. The ſame height continues. 
3. The height 45. 
8. The height was little changed. 
9. The height 40; yet no air got out. 
11. The height was 38. 


F fff 2 12,. The 
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Pxzvmaries 12. The mercury continued to deſcend. 
9 13. The height of it was 33. 
Sept. 14. The mercury was Jo depreſſed, as to appear no more 


Sept. 22. The mercury emerged again; its height was 33. The fr 

was cover'd with a kind of mucor. 5 8 It 

OZob. 1. When neither the apricocks, nor the height of the meren * A 

were any more alter*d, and the mucor vaniſhed, I open'd the receiver chin 

and found the apricocks not impaired, but of a good colour, their pul | M 

ſpungy and ſoft, and of a taſte inclining to acid. k 1 hs 
Apricockiinan Aug. 21. The fourth receiver. I took a quarter of each of ther; the 
uneæhauſted apricocks, and ſhut them up firmly, with a ſcrew, in an unexhauſted g. * 


—— ceiver, into which, afterwards, I intruded air, till the mercury roſt 90 
ward: conden. inches above its ſtandard height. 


ea. Aug. 22. Our receiver broke into an hundred pieces, by the force g 


but! 


in tl 


air, 


the air compreſſed within it; whereupon I put the fruit into another, a 1 

added only ſuch a quantity of air as was able to ſuſtain ſixty inchs r but 

Mercury. lips, 

Aug. 25. The apricocks had contracted much mouldineſs; and I. F acqu 

ded new air. Ss 

Aug. 26. They were wholly infected with mouldineſs and rottennek, ere. 

This receiver, if compared with the former, ſhews, that the quaniy veſſel 

of corruption depends on the quantity of the air. Lair, tl 

Hence we have it confirm'd, that alterations are made more ſuddenlyn out, 

factitious air; and that in time, the corruption is far greater in coma | * 

Alr. gneis, 

That theeffets (38.) March 21. 1677. I put two onions into a receiver, which u (39 
9 of to be ſtopp'd cloſe with a ſcrew; and intruded ſo much common air ther: Zone of 
2 the into, as raiſed the mercury ſixty inches above its uſual ſtation. an hut 
common, ſbeton March 28. The onions took root as well as other onions which | » We half i 
by enions in cluded in common air at the ſame time. = N. 
condenſed air. April 28. The onions included in common air, eight days ago, vei n the 
cover'd with mouldineſs, though, in the beginning, they had ſhot numerous | Ma 

roots: the onions in the other receiver. began to corrupt at the ens of e 

their roots; but the compreſs'd air, ten days before, had found agua WW Ma 

paſſage out, and now was almoſt wholly-eſcaped. I, therefore put nn" daily | 

air, till the mercury had attain'd. to the height of ſixty inches abo tracted 

uſual ſtandard, wh 

April 29. The onions in the compreſs'd air, were cover'd all d June 

with mouldineſs. pre 

Hence it ſeems to follow, that a little compreſſure doth. not pu es £ 

bodies to be expanded by vegetation. c Here 

And the new air, which was intruded, ſeems to bave promoted it rmed. 

mouldineſs, though probably, in the beginning, the compreſſure ny de; 
nn retarded both the mouldineſs, and the corruption. 40.) 
ulips and Fecelver: 


ur in (39+) May 9. 1 put two equal quantities of tulips and lark-ſpurs, - 
__ 3 two receivers of an equal bigneſs, and ſtopp'd them up firmly wich ſcren 
compreſſed air. 


_ 
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zntruſion of new air, till the mercury exceeded its wonted height by 
x ſeventy inches. c : ; ; - 
BE May1ii. Two tulips in the common air, contracted mouldineſs ; but 
all things remained unalter'd in the compreſſed air. 
May 12. A third tulip, in common air, began to be finewed ; but no- 
© thing like it happen'd in the compreſs'd air. 
* May 14. One tulip, inthe compreſs'd air, was finew'd ; but thoſe in 
the common air, were all very mucid ; and one of the lark-ſpurs, in 
the common air, had alſo contracted a mucor. 
* May 17. Three of the tulips in compreſs'd air, had contracted a finew; 
but not half ſo much as thoſe in the common air. Two of the lark-ſpurs 
in the common air, appe ar'd finewed alſo; but thoſe ſhut up in compreſs'd 
f air, were preſerved freſh, and wholly free from mouldineſs, or finew. 
= My 21. The flowers in the common air, were all rotten and putrified ; 
but thoſe in the compreſſed air, received no further alteration : and the tu- 
EF lips, which had contracted ſome finew, ſeem'd rather to loſe it, than to 
acquire new. 
May 30. When the flowers in the common air, being wholly putrified, 
vere diſſolved into water, I took them out, and kept the liquor in the 
veſſel, ro try whether any inſects would breed therein. In the compreſſed 
air, the flowers ſuffer'd no more ſenſible alteration ; I therefore, took them 
out, and found them moiſt, and of an acid odour, 
Hence it ſeems, that compreſſed. air, hinders putrefaction and mouldi- 
neſs, in ſome plants. 


half in another cloſe receiver, only with common air. 
= May 25. Each half of the orange had contracted mouldineſs ; but that. 
in the common air was much more mucid than the other. 
| May 26. The compreſſed air had entirely got out, and therefore I put 
in new, 
= cy 30. I every day perceiv'd ſome air had eſcaped, and therefore, 
daily ſupplied. freſh. And the orange, by receiving new air ſo often, con- 
tracted a mucor, notwithſtanding the compreſſure, much more than the 
other piece that was left in the ſame air without preſſure. 
June 1. I took out the two half oranges; and that which lay in the 
compreſſed air, ſeemed to have contracted a corruption, at leaſt three 
umes greater than that which had continued in the common air. 

Hereby the diſpoſition of compreſſed air, to retard corruption, is con- 
firmed ; yet in time, *tis very probable, that the quantity of corruption 
may depend upon the quantity of the air. | 


4 


wert 
er0us 


dual 
n ben 
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I left one of them with common air only, but compreſſed the other by the Px» vuarrCE 


(39.) May 21. 1677. I cut an orange into two equal parts, and incloſed Orange in cor 
Jone of the halves in a receiver, with air ſo compreſſed, that it would ſuſtain ?. dan 
an hundred inches of mercury above its wonted height: 1 left the other ©9979 477: 


(40.) May 31, 1677. I included two equal quantities of roſes, in two Roſe in cem- 
receivers, ſtopp'd by the help of ſcrews 3 into one of which I intruded as _ and com- 
| much 
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PxevMaTice nuch air as would ſuſtain ninety inches of mercury, beſides its accuſt, 


Orange in 
compreſs'd air, 
and common. 


med preſſure; bur I left the other with common air only. 

June 11. The roſes in the common air were free from mouldineß, On. 
ly they ſeemed to have loſt ſomething of their colour: but thoſe ſhy; , 
in the compreſſed air, had almoſt all contracted a yellow colour, ax if; 
had wither*d in the open air; yet they were not mucid. or finewed. 

June 18. This laſt week, the flowers in the common air, ſufferd p 
the leaſt change; but thoſe in the compreſſed air, grew yellower. | 
open'd both receivers, and found the roſes to have retain'd their (cer; 
yet it was ſomewhat alter'd, neither were they dry, or wither'd, I key 
them apart in the open air, and found that thoſe taken from the compre; 
ſed air, were not ſo ſoon alter'd by the contact of new air, as thoſe wic 
had remained in uncompreſſed air. 

Hence it ſeems to follow, that compreſſed air is ſometimes fitter tog. 
ter colour than common air. And perhaps, it may be worth our notice, 
that roſes ſo included, contract not a mouldineſs, but only a pelo 
colour ; tho? in tulips and lark-ſpurs, it's otherwiſe. 

(41.) June 1, 1677. J put the two halves of the ſame orange int ty 
receivers; in the one I increaſed the quantity of air till it ſuſtains the 
mercury an hundred inches above its wonted height, but left the other 
uncompreſſed, only exactly ſhut. 

Fane 6, Each half of the orange grew mouldy ; eſpecially that, who 
ambient air was compreſſed. But new air was every day ſupplied ; for the 
compreſſed air in 24 hours time, had almoſt all got out. But in tie 
former, it had remain'd very well ſhut in, for ſix whole days. 

June 11. The orange in the common air, contracted no more mould. 
neſs; but in the compreſſed air, the mouldineſs gradually increaſed, 

June 18. Finding the mouldineſs of the orange, in the common air, t 
diminiſh, rather than increaſe, I took it out; and perceiving further, 
that, in compreſo'd air, the orange was not more mucid, after 1 had ce. 
ſed to intrude new air, I was willing to try whether the new air ſupplie! 
new ſtrength to the orange, to exert and thruſt out its mouldineſs ; and 
therefore, made the mercury in the gage, by means of the air intruded,to 
exceed its wonted height 80 inches. | | 

Inne 20. Two days after I had intruded new air into the receve!, 
the-mouldinefs of the orange appeared to be manifeſtly greater. 

Hence we may gather, rhat the quantity of the mouldineſs depends 
on the quantity of the air. 


bey 


Shrew-mice in (42.) F Une 17g 1677. I put two ſhrew-mice into two receivers, of equal 


common and 
compreſſed air. 


bigneſs, and ſtopped them up carefully; in one of them I left only com: 
mon air; into the other, I intruded air, till the mercury was higher, b 
30 inches, than uſual : the mouſe in the common air, was included about 
52 minutes paſt 5 of the clock; and 6 minutes after the other. | 

The mouſe in the compreſs'd air, ſeemed to loſe his ſtrength muc 
ſooner than the other, the motion of his breaſt being leſs frequent: yet about 


18 minutes after 6 o'clock, the mouſe inthe common air, which _ the 
ſtrongeh, 


ſtrong 


air, ſc 
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F ſtronger, 


ed; and but one in the compreſs'd air. 


About two in the afternoon, the four flies in the common air, ſeemed 
be dead; but in the compreſs'd air, the three were alive. 
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About eleven of the clock, the mouſe in the compreſſed air, ſtill brea- 


Ithed; but about four in the morning, he was found dead, in the ſame 
poſture wherein he was ſeven hours before: whence we may conjecture, 
that he was free from convulſive fits. 


I muſt not omit, that the mouſe, in the common air, had conſumed 


ſomething of that air; ſo that the mercury ſtood at 29 inches, and when 
the receiver was opened, preſently aſcended to 3o. 


Hence we learn, that compreſſed air ſeems fitter than the common, to 
prolong life; ſince the one mouſe lived ſo much longer, tho? only a double 
Wuantity of air was included in the receiver. | 
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fell into convulſive fits, and died; but that in the compreſſed P*zvmarrce 
air, ſeemed then, and ſome time after, to be as well, as he was an hour 
| and half before. 


(43.) June 13. 1677. J put four flies into a receiver, and afterwards in- in common 


uded air, till the mercury roſe ſixty inches above its wonted height; and and compreſſed 
It che ſame time, included three other flies, in another receiver, with ir. 
Tommon air not compreſſed. 10 £1 90 


June 14. In the morning all the flies were well. In the afternoon, 1 


ound two of them dead in the compreſs'd air; but in the common, they 


rere all alive. About five o'clock, one of the flies, in the compreſs*d 


ir was alive, and three in the common air. 


June 15. This morning I found all the flies in common air dead; 
Put that ſingle one which remain'd alive in the compreſs'd air, ſeem'd 
Will to be very well; and being taken out of the receiver, flew briſkly 
way. 

Hence it ſeems, that flies are not very ſenſible of the air's compreſſure; 
Ind that they die more for hunger, than want of air: for the fly which 
wain'd ſo long well, fed upon the carcaſſes of thoſe which were dead; 


that ſhe ſeem*d not to be diſtemper'd. 
(44.) June 15. I repeated the preceding experiment, only including 


Pur flies in each receiver, and compreſſing the air ſomewhat more. 


June 16. This morning J found two of the flies, in the common air, 


- 
- 


Hence the compreſſure of the air ſeems of ſmall conſequence to flies; 


d indeed, they are not prejudiced by the rarifaction of it, without great 
Withculty, and unleſs there be almoſt a compleat vacuum. 


(45.) June 18. I included two frogs in two receivers, and ſtopped them Frist in cen 


the help of ſcrews; the one only contain'd common air, the other, n 


Ir compreſs'd, till it ſuſtain'd ſeventy inches of mercury. POR 


June 19. Both the frogs were alive; and the height of the mercury, in 
och receivers, remained the ſame. 


June 20. Neither of the frogs were dead; and they ſeemed rather to 
dimi- 


COM 
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PxzevnATIcs diminiſh, than increaſe the air: but the difference was ſo ſmall, that Id 
not be poſitive therein. 0 

June 21. In the morning, both the frogs were alive; but towards even 
ing, that in the common air was found dead. : 

June 22. At evening the frog in the compreſs'd air, was alive. 

Fune 23. In the morning I found it dead. 

Oranges in (46.) June 18. 1677. I ſhut the two halves of the ſame orange, ;, 

— two receivers, and ſtopped them by the help of ſcrews 3 the one with * 
mon air, the other, with air compreſs'd to ſuſtain ninety inches of my. 
cury. 

5 22. This morning I found the orange, in the common air, moll. 
dy; but the other was ſound. 

At three in the afternoon, the orange in the compreſs'd air, ſem 
alſo, to have contracted ſome mucor. 

June 23. The orange in the common air was far more mucid thy 
the other. 

June 24. The orange in the common air, did not increaſe its mould. 
neſs; but the other was cover'd all over with it. 

June 28. The mouldineſs produced in the common air, was tow 
wholly vaniſhed ; in the other receiver, I perceiv'd no further alteration 
in the fruit. 

June zo. Both remaining in the ſame ſtate, I took them out. Thequr 
which was kept in common air, ſeemed half rotten ; but the other, be 
ſides its finew, appear'd wholly putrified. 

Hence *tis confirm'd, that the quantity of the mouldineſs depends 
the quantity of the air. | 

It ſeems alſo worth obſerving, that the mouldineſs appear'd a lit 
later in the compreſs'd air, that in the common, tho* afterwards, it it 
creaſed much more. 

Roſes in con- (47+) June 29. 1677. J included roſes in two receivers, ſtopp'd bythe 
mon and com- help of ſcrews ; I left one with common air only, but filled the othermit 
prefed air. ſo much, that the mercury aſcended ninety inches above its uſual height, 

July 14. Four or five days ago, I found the roſes, in the compre 
air, wither'd, and degenerated to a yellow colour. There was tot dhe 
leaſt alteration in the other receiver. 

July 17. When I perceived that this experiment proceeded after tit 
ſame manner as that above-mention*d, I took out the roſes. Thoſe ket 
in the compreſs'd air, were very much corrupted, and of a very ungrat 
ful ſmell ; but the others were little alter*d, and their ſcent not unpleaſan, 

Hence we have a further confirmation, that the quantity of cori: 

| tion depends on the quantity of the air. i 
Sams to (48.) July 4. I cut a lemmon aſunder, and put the halves into if 
common and receivers, to be ſtopp'd by ſcrews; the one I left with common 4 
£ompreged air. only, but the other was fill'd with ſo much compreſs'd air, that l l 

ſtain'd ninety inches of mercury above its uſual ſtandard. 


Ju 
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Puly 7. This day, both parts of the lemon ſeem'd to grow mouldy atPrevmatice 
| the ſame time. ; | WY 
Jh 17. That in the compreſſed air had contracted much more hoar 
wan the other; and perceiving no farther alteration, I took them our, 
and found the lemon, in the compreſſed air, far more putrid than the 
3 
. . it is confirm'd, that the quantity of corruption depends on the 
quantity of the . 3 
It ſeems alſo, that a triple compreſſion of the air, in reſpect of a lemon, 
is too weak, ſenſibly to retard the production of a fine w. 
* (49.) July 18. 1677. I included two parcels of July- flowers, equal in July fuer: 
number, in two equal receivers, and ſtopt them cloſe with ſcrews ; I fill'd i common and 
che one with compreſſed air, till it ſuſtain'd an hundred inches of mercury ©2744 air. 
extraordinary 3 but the other was left with common air alone. 

July 23. In the compreſſed air, the July-flowers ſhew'd ſome hoarineſs ; 
he others appear*d only moiſt ; but the mercury exceeded its wonted 
height only ſeventy inches; for ſome of the air had got our. 
Ji) 25. In the compreſſed air, the July-flowers proceeded to corrupt 

much faſter than the others. They had wholly loſt their colour. 
Jah 26. In the compreſſed air, the July- flowers were wholly putre- 
ed, and cover'd with a hoary fine w; the others were moiſt only in ſome 


Places. | 
| 1. Perceiving no farther alteration, I took the flowers out of 

Fheir receivers; thoſe which were kept in compreſs'd air were rotten, and 
E&tid; the other kept their colour, and their ſmell was not offenſive; but 
Wicy were moiſt, | 
And this is a farther confirmation, that the quantity of the air increaſes 
Porruption. | 
We may alſo obſerve, that the mouldineſs is not produced, but in 
mpreſs'd air; nor is it probable, that this happen'd by chance; fince, 
each receiver, there were three or four July-flowers included. 
(Go.) Ju 21. 1677. J included a ſhrew-mouſe in a receiver, with 4 gen- mont 
nmmon air, and ſhut him in firmly with a ſcrew, to try whether he would confined in 

oduce, or conſume air. OLA 
After two hours, the mouſe died, and ſome air was conſumed ; but a 


er th: quantity than in the former experiment of this kind. 

ſe keyt %) 24. Hitherto I found no change in the height of the mercury. 
ngratt Towards evening, it ſeemed a little higher. N | 
least, % 25. This morning much air was produced de novo. 


% 26, The quantity of the produced air increaſed. 
klence we have a confirmation, that living animals conſume air; but 


cotrup- 


into 170 N ones produce new. 
mon 4 51.) Auguſt 31. J put pears into a receiver; whereto, after it was well Pears in con- 


at it i yt, IJ added as much air, as ſufficed to ſuſtain thirty inches of mercury, Prod air. ; 


. 


ordinary, ; FN 


eptember 1, The mercury was depreſs'd. 


Ju) 0 L. II. Gggg Sept. 
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Pxrvmarics Sept. 2, The height of the mercury decreaſed ; it exceeded not twe 1 
five inches. . 
Sept. 3. The mercury roſe one inch higher; and ſtaid at 26. 
Sept. 4. The height thereof was 28. 5 | 
Sept. 8. The receiver leaking, I put in new air; and, this day , ; 7 
ing the receiver, to compare the taſte of this fruit with that of the other. ig! 
found, that five of the pears had loſt their firmneſs, but two retain', % 8 
Auguſt 31. I included pears, of the ſame kind, in another recgy, 11 
with common air only, not compreſs'd. leſt 
September 1. The mercury was a little depreſs'd, as if it had been in 1 di; 
compreſs'd air; the cauſe whereof might be only the cold. mar 
Sept. 2. The mercury varied not. P 
F a 3. The height of the mercury was one inch above the uſual fy. deſt 
ard. 
Sept. 2 The height 54 | Sept. 6 The height (6; 
5 of it was 64 7 of it was 12 


Pars in va- 
cuo. 


Sept. 8. The height of the mercury was twenty. The pears being tie 
out of the receiver, had preſerved their taſte much better than thok in. 
cluded in vacuo. They allo retain'd their firmneſs. 

Auguſt 31. I included pears of the ſame ſort in vacuo ; but ſomeextend 
air brake in, and the height of the mercury was one inch. 


Sept. 1 4 | Sept. 5 19 
26 The height 8 | 6 The height J2; 
3 of it was 12 7 of it was 27 

4 16 8 30 


The pears being taken out, had kept their firmneſs, but loſt madd 
their taſte. | 


Hence it ſeems to follow, that, in a greater compreſſure, a leſs quatt Ma 

of air is produced. ker t 

A ſmall bird in (52.) December 7. I ſhut up a ſmall bird in a receiver, capable afl ent c 
compreſſed air. ing twenty ounces of water. The bird began to be ill, before Ih reatl 
the ſcrew; but, after I had intruded ſo much air, as to ſuſtain ti reduce 

inches of mercury, above its wonted height, ſhe ſeemed to recon; out if 

but, ſoon after, began again to be ſick: and, therefore, I intrudedair tit reſpira 

ſecond time, till the mercury reſted forty-five inches above its uſual tg; Bp acted 

whereby the bird was again reſtored : but, in a little time, ſhe began Ne mc 

gaſp again; then, opening the receiver, after ſhe had ſtaid in it tuen o anim 

eight minutes, ſhe flew out, and was very well. | . oy 0 

A forew-meuſe (53.) January 20. 1678. I put a ſhrew-mouſe into the receiver of "Wl * che 
pe 83 wind-gun, above deſcribed ; and, immediately, ſo far condens'd te wt | 
; till it was reduced to about the twentieth part of its ſpace : then | pre 1 iy in 

Iy diſcharged that air, and the elliptic hole being open'd, I ſuſpected | 5 er, h 

the mouſe had been only a little convulſed; but, when he was taken dl 2 | 

there were no ſigns of life in him. Whether the cauſe of his death 5 


to be aſcribed to the narrowneſs of the receiver, or to the comprls 


of the air, is a queſtion. | coral, 
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I put another mouſe into the ſame receiver; and the air being reduced r 
to a third or fourth part of its natural ſpace, I opened the receiver, but © 
not ſo carefully as in the former experiment; yet the mouſe, taken out 
* therefrom, was found to be very well. 
I afterwards repeated the experiment; the air being about ſeven or 
© eight times condens d; and the mouſe ſeem'd to ſuffer no inconvenience 
thereby. 
I ml the ſame experiment again, in air compreſſed ſeven times, and 
© left the mouſe included for twenty-four minutes; which time being elapſed, 
I diſcharged the air, and opening the hole, perceiv'd the moule to fetch 
many deep groans, as it were: I took him out, but he could not recover. 
* Hence it is manifeſt, that a great compreſſion of air is pernicious and 
deſtructive to animals. | 
(54. January 28. 1678. I put a ſhrew-mouſe into a glaſs, to whoſe Aue 
neck we tied a bladder, that ſtopp'd the orifice. Theſe were put into a re-, a. 
¶ ceiver for compreſſing of the air. Soon after, when the mouſe began to © 
be ſick, I compreſſed the air, and the bladder was ſtraitned ; ſo that the 
© mouſe was in condenſed air, whilſt no new air could paſs to him: 
then he ſeem'd to be much better, and his heart beat leſs frequent; when, 
© opening the receiver, he was, in a ſhort time, as well as ever. 
I repeated the experiment, and left the mouſe ſo long, that he could 
hardly breathe, whilſt I began to compreſs the air; and the compreſſure 
ſeem' d again to abate his reſpiration ; the receiver being open'd, and the 
mouſe expoſed to the air, he could not breathe much more freely; but if 
I blew the air on him with bellows, he ſeem'd to be ſomething reliev'd. 


| Being again committed to the compreſs'd air, he breath” 

1 2 i nee 
ii March 2 5. Becauſe, in the preceding experiment, it was not clear, whe- 

cher the air enter'd thro? the ligature of the bladder, I uſed the inſtru- 
wil ent deſcribed, Fig. 79. And when I perceiv'd the mouſe was ſick, and 
* dreathed ſeldom, I intruded water into the receiver, ſo that the air was 
vir educed to half of its ſpace 3 and then, the mouſe breath'd more rarely. 
er; But if, extracting the water, I left the whole ſpace entire for the air, his 
mn eſpiration ſeem*d more vivid; and the air being thus, many times, con- 
ee racted and dilated, the fick mouſe ſeem'd to reſpire more freely in the 
nu ommon air than in the compreſſed. Whence, I conjectur'd, that air is 


to animals, like food; the quantity whereof ought to bear ſome propor- 
tion to their ſtrength. And, that I might more certainly know this, I 
ut the ſame mouſe into my pneumatic engine, and rarify'd the air, ſo 
mw hat it poſſeſs*d more than double the uſual ſpace. Whilſt the air was 7” eee of 


WP 57 ifying, the mouſe preſently began to be better; yet, a little while 8 
In ter, he ſeem'd fick : and when the air was reſtor'd, it no wiſe affected . 7 


im. I thus repeated the rarifaction three times, with the ſame ſucceſs ; % © let inclu- 
but, at laſt, the mouſe died. | * - 

iis © nods 2 a , 
(55.) May 5. 1677. I put a bee, with diſtill'd vinegar, and pulveriz'd and powders 
Fora), into a receiver; and the air being wholly exhauſted, I order'd the coral. 


Ggge 2 matter 
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Pxzvmarics matter ſo, that the coral fell into the glaſs of vinegar : but the ar 
SY VV duced from thence, did not reſtore any power of motion to the as 
but, when ſhe was expoſed to the open air, ſhe ſoon began to moye bertel 

Hence a ſuſpicion ariſes, that artificial air 1s unfit to preſerve the jj, of 
animals. 

Flies in arti- (56.) Auguſt 12. 1676. J put two flies into a receiver, and, exhaygy, 
Fcial air of the common air, ſubſtituted, in its ſtead, air produced from gg; 
geuberriei. ries, till it ſuſtained twenty-ſix inches of mercury. 

Afterwards, I put two other flies, alſo, in vacuo z, but with this di. 
rence, that I let ſo much common air into them, as could ſuſtain twenty. 
three inches of mercury. 

Within a quarter of an hour, the latter flies, upon the reſtituton9 
the air, recovered that power of motion, which they had loſt in vacy, 180 
flew about in the rarified air; but the former lay without any motion, th 
they had received a greater quantity of air. 

Aug. 13. The flies, in the artificial air, ſeem'd ſtil} dead; but the g 
thers were luſty. | 

The flies, taken out of the artificial air, and expoſed to the conmng 
air, remain'd ſo, all this whole day, without recovering life. 

Aug. 18. I repeated the experiment, with the ſame ſucceſs ; tho' 1 hal 
reſtored a greater quantity of artificial air. 

Hence we have an high confirmation, that artificial air is noxiowt 
animals. | 


Flies included (57.) June 22. 1677. I put paſte into three receivers, out of which, |, 


2011 firein afterwards, exhauſted the air. 
the artificial 


vir of pabe. June 23. When the three receivers did, this day, regurgitate vithit 


produced from the paſte, I kindled a perfumed cone, and put it into or! 

of the receivers; which being preſently ſtopt, the fire, within one mini, 

went out: then, by blowing, I expelPd the artificial air from the re! 

ver, and put fire into it, as before, and it burn*d bright for a confideribl 

2 z tho? I had ſhut the receiver as ſpeedily, and as accurately, as b. 
re. 

I made another experiment, after the ſame manner, with a fly; an, f 
the artificial air, ſhe preſently ſeem'd to be dead; but, afterwards, eng 
expoſed to the ſun, ſhe, in a ſhort time, grew well again. Then Ib 
common air into the receiver; but the fly, included as before, ſuffer'dn0 
inconvenience thereby, | 

I repeated the ſame experiment, with the ſame fly, in the thirdrt 
ceiver, fill'd with artificial air, with the ſame ſucceſs ; only this fly, wit 
taken from the artificial air, could not be reſtored, without longer tim 
becauſe ſhe was left longer therein. 


Hence it appears, that factitious air is prejudicial to fire, as well ast0 
the life of animals. 


Flies and frogs (58.) June 25. 1677. 1 put paſte into four receivers; and total 


in artificial 


* exhauſting the air from two of them, I pump'd out only half the air fen 
the other two. 


Jun 
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mon air, to be quite fill'd with air newly produced; but know not whe- 
© ther they had, for ſome time, regurgitated or no, ſo that the quantity of 
common air was much diminiſh'd. However, I put two flies at once into 
one of the receivers, after the manner before deſcribed ; and ſoon after 
they touch'd the bottom of the receiver, they remain'd without motion. 
I put a third fly into the receiver, after the ſame manner, and found ſhe 
lived a little longer there than the former. A fourth fly being put in, 
maintain'd her life longeſt of all; yet at laſt ſuffering ſome convulſions, 
© ſhe lay moveleſs on her back. All the flies, after ſome ſtay in the artifi- 
E cial air, being taken out, and expoſed to the common air, grew wellina 
T ſhort time. 12 76.900 
l made the ſame experiments in another receiver, half full of artificial 
air, and in a manner with the ſame ſucceſs; but the flies in that receiver, 


into which only common air was admitted, ſoon recovered their ſtrength 


„5 

* 

Fe”. 

* 

7 4 
oy 

1 


and emotion. 


common air, to be full of artificial air; but it being caſually thrown down 
upon the ground, entrance was thereby given to the external air; yet I 
put a frog into it, which ſeemed not to be very ſick therein. 


high convulſions for 5 minutes ſpace; and then lay without motion. In 4 
Wor 46 minutes without motion; but afterwards, in 4 or 5 minutes more, 
e grew very well. | 


Hence it is evident, chat artificial air is very hurtful to the life of 


SDÞroduce its effects. 


left half full of air. 


June 29. One of the receivers that were wholly exhauſted, was found 
Il of air, newly produced; and a frog being put into it for 4 or 5 mi- 


nd a while after became well again. 


when ſhe had lain one minute there wichout motion, I opened the recei- 


1510 I judg*d thoſe motions to be the remains of her convulſions ; for after 
That, ſhe continued moveleſs for half an hour and more; yet at laſt ſhe 

ally erew well again. x | 
fron (WE The receiver, ſrom which I exhauſted only half its air, had ſo long 
P<gurgitated with produced air, that, very probably, much common air 
Tut had 


Zune 27. J found one of the receivers, which was wholly evacuated of 


June 30. The fourth receiver, by the power of the produced air, ſeem'd' 
Wat length forc'd away from its cover. I puta frog into it, and ſhe fell into 


inutes after I opened the receiver, and taking out the frog, ſhe remain*d' 


nimals ; but that, if mixed with common air, it doth not ſo readily 


F* (59.) June 28. 1677. I put paſte into four receivers, three of which: 
1 cauſed to be wholly exhauſted of common air; but the fourth was 


utes, had ſtrong convulſions ; then for one minute ſhe lay without mo- 
ion; whereupon I took her out, and in 5 minutes ſhe began to move, 


1 cook another receiver, fill'd with artificial air, and putting a frog 
into it, in 7 minutes ſhe ceaſed to be convulſive. And afterwards. 


Per, and taking her out, found that ſhe began to ſtruggle and move; tho' 
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Punt 26. 1 found the two receivers, which I had left half full of com- Pau 


Ice 
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had got out together with it. A frog being put into it, ſeem'q to 
| WW " vehemently moved and convulſed for 10 minutes, as the reſt did, and the 
ſhe ſeemed quite dead; but after a full minute I opened the recti: 
when the frog, being expoſed to the open air, within a quarter of u 
hour began to move. | | . 
I put a frog into a receiver, full of common air, to try whether, 1 
| D ; | . X 1 UW 
paſte being now'taken out, ſhe would live any longer there. 
Fully 1. In the afternoon I found her ad; tho? ſhe breathed in th 
morning; ſo that ſhe liv*d about 48 hours. | 
June 30. I put a frog into the fourth receiver, which was wholly il 
with artificial air; for 7 minutes and an half ſhe was vehemently com. 
| ſive, and at laſt died; then, after two minutes, ſhe was taken out, hy 
recovered no motion at all. £07 : 
July 1. Perceiving the frog to remain in the ſame poſture, I threy tz 
away. 
Hence we have a confirmation, that artificial air is the more hurt] 
to animals, the freer it is from common air. 
4 ſprew-mſe, (60. ) June 30. I included paſte in two receivers, and then cu 
fnail,and flies, the alr. | 
in artificial July 4. I put a ſhrew-mouſe into one of the receivers, filled with ati. 
air of paſte. ficial air, where he ſuffered vehement convulſions, and in one minute die! 
1 preſently took him out, and expoſed him to the common air; bu 
power of motion could be thereby recovered. 
Then I took the other receiver, and putting a ſnail into it, with ſon: 
wonder obſerved, that he continued to move very ſtrongly for a vid: 
quarter of an hour; but afterwards his motion was ſlower, till in abt 
another quarter of an hour he lay till, as if he were dead; but tin 
being taken out of the receiver, and expoſed to the air, he ſoon gr 
well. | | 
I put flies into the ſame receiver; but now it had admitted too g 
a quantity of external air, for the flies received no hurt. 
Hence we gather, that artificial air kills animals by ſome venomous 
quality, and not only by the defect of common air; for the ſnail 1 
longer in vacuo, | 
A Frog.in air (61.) July 5. 1677. I took a receiver filled with air produced from 
produced from cherries, and tranſmitted it out of that into another receiver, full d 


_ Pry 
** 


— common air, in which a frog was kept; matters were ſo order d u 
the water gave place only to the artificial air entring in; and 7 
water itſelf lowed out. And thus the frog, being included in pe recove 
tificial air for a quarter of an hour and more, ſuffered convulſions, ® (64. 
at laſt lay ſtill, without motion; yet being afterwards taken oll, from r 
expoſed to the open air, ſhe grew quickly well. 3 her ou 
Hence it ſeems probable, that air produced from cherries, 46 Pul 
Flies, and s hurtful to frogs than that produced from paſte. duced 


forew-mouſe, 


47 arrificiat (02+) Jag 9. 1677. J put gooſeberries into three exhauſted 1 ver, h 


air of gooſe- Wers. 
berries, 
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uh 20, I found one of them ſevered from its cover, by the force of F res 
the produced air; I caſt a fly into it, which died inſtantly ; a ſecond fly, * 
being likewiſe caſt into the receiver, preſently died; a third put into the 
© {ame, ſeemed for a little while to be convulſive, but leſs than a fourth fly 
that I included therein; which yet in one quarter of a minute lay move- 
less. Afterwards I diſpelled the artificial air out of the receiver, by blow- 
ing, and in a little time the flies grew well, 
July 24. 1 took another receiver, filled with air produced from gooſe- 


* 


E berries ; and putting a ſhrew-moule into it, found that he died there in 
half a minute. 1 . 
Probably therefore the air produced from fruit, is leſs hurtful to ani- 
mals than that produced from minerals; for on the 20th day of Judy I 
found that a mouſe lived not above a quarter of a minute in air produced 
from gun-· powder. 5 ; | 
= (63.) July 5. 1677. I included paſte in four exhauſted receivers. A forew miuſe, 
July 6. One of them being filled with factitious air, was forced from 4 bird, and an 
its cover, which I again ſtopped; yet not ſo ſoon, but ſome common air — 1 
might mix with the artificial; I put a ſhrew-mouſe into it, which was %, 97 7 
& preſently highly convulſed, and after one minute and an half remained 
W moveleſs ; and being preſently taken out, he ſeemed to have ſome con- 
vulſive motions, and died. 
July 7. I took a ſecond receiver, filled with artificial air; and having 
included a little bird therein, ſuddenly ſtopt it; ſhe preſently fell into con- 
vulſions, and within about a quarter of a minute died; I took her out, 
but it was too late, for ſhe never ſtirred after. 
| I blew ayt the artificial air from the receiver, and then another bird 
of the ſame kind being put in, was very well, tho? ſhe ſtaid there four 
minutes. | 
Fully . I took a third receiver full of artificial air, and put that bird 
into it, which in the laſt experiment had continued well, and yet ſeemed * 
to be lively and ſound ; before ſhe had been there a full quarter of a mi- 
nute, ſhe lay without motion; and being preſently taken out, there ap- 
peared no ſign of life in her. PEI. 
In the afternoon I put an adder into my fourth receiver, and within two 
minutes he began to be ſick, to gape and pant; yet he was not wholly 
deprived of motion till after 24 minutes. Then in 6 minutes more I took 
him out of the receiver, motionleſs as he was, and expoſed him to the 
free air, but he did not recover. . coor. 5 
Ju 10. The adder. remained in the ſame, ſtate, and gave no ſigns of 
recovery. * 5 „ . | 
s (64.) July 12. 1678. I put a bird into a receiver full of air produced 4 bird and a 
from raiſins of the ſun,; ſhe died, in a quarter of a minute; and tho* I took /#rew-mou/e, 
her out preſently, yet ſhe never ſtirred more. b. d is oo 
July 18. I likewiſe put a ſhrew-mouſe into a receiver full of air, pro- * 
duced from raiſins of the ſun; but a thread, left on the edge of the recei- 
1 ver, hinder'd me from ſtopping it cloſe 3. yet the mouſe preſently began 
o 


f 
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Prrvmarics to be very ill, and after two minutes he lay, as it were, without any m 
tion; yet being taken out, he was well again in 2 or 3 minutes time. : 


Shrew-mice 
included in 
common air. 


(65.) Oftober 1. 1678. About 10 in the morning I included a q,,, 
mouſe with common air in a receiver, fortified againſt the external 17 
about 11 the mouſe could hardly breathe; I threw another ſtrong luſe 
mouſe into the ſame receiver, and preſently put on the cover; but th. 
firſt mouſe having conſumed ſome of the air, the external air was foreih 
impelled into the receiver, and ſo diſpelled a great part of the air ſtagnn; 
there; upon which the firſt mouſe ſeemed to be much better; neither 4 
he die much ſooner than the other, but both of them died about ny 
About 4 in the afternoon I put another ſtrong mouſe into the ſame re, 
ver, and left the external air might again expel the included air, Inu 
him in very leiſurely ; this third mouſe lived not 3 minutes entire, 

Whence we may conjecture, that the portion of air which hath once. 
ved for the reſpiration of animals as much as it could, is no longer uf 
for the reſpiration of another animal, at leaſt of the ſame kind. 


Smails in fan (66.) April 28. In the morning I put fo great a quantity of paſte non 
#itious air of Exhauſted receiver, that in the afternoon I found the receiver full of ci. 
Pale. tious air; whereupon I put a ſnail into it, which preſently frothed yery 
| much, and often expanded and contracted itſelf; but in four minutes he 
ceaſed to move; yet I took him not out till he had ſtaid in the receiver fi 
a quarter of an hour; and then being releas'd, he ſeem'd as if quite ded; 
for tho? he were prick'd with a pin, yet he diſcovered no ſign of lite; tho 
after another quarter of an hour, being prick'd in the ſamen manner, |: 
moved a little. 
I blew out the factitious air, and put in another ſnail ; he remained ven 
well in the receiver, and did not froth at all. 

Hence we have a confirmation, that factitious air is a greater enemy 

animals, than a vacuum. | 


Snails in the © (57.) June 22. 1678. In the morning I put green peaſe into an c. 


fatitious air hauſted receiver, and towards evening the mercury had almoſt aud 
of peaje. the height of 10 inches. 
June 23. The height of the mercury was almoſt 30 inches. 


June 24. The mercury did not yet exceed 30 inches in height. Tit 


cover no longer ſtuck to the receiver, yet nothing hitherto had eſcapd. 
June 26. 1 included the ſame peaſe in the ſame evacuated receiver. 


July 29. When Tnow found that the receiver was fill'd with fiction 
air, I thruſt a ſnail into it, which froth'd much, and very often ſhot o 
and contracted his horns 3. but in 6 minutes time he lay ſtill, as if he had 
been dead, and eontinu'd thus for 2 or 3 minutes; then the receiver beg 
opened, and the ſnail taken out, moved himſelf a little if he were prick d 
Whence it ſeems to follow, that air produced from peaſe is leſs pre) 
dicial to ſnails, than air from paſte. I blew new air into the reel" 


and a ſnail then put into it, did very well. 


in 
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In this experiment it ſeems obſervable, that peaſe quickly produce air Fange 
I vacuo; but, that in the uſual compreſſure of air, they generate little. 
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(68.) June 22. 1676. I put a butter - fly into an exhauſted receiver, and Auimali in va- 


it was almoſt three hours before he was wholly deprived of motion; 


cuo, and firſt, 


a butter Ay. 


Vat length, perceiving him to lie unmov*d, I let the air into the receiver, 
and preſently the burter-fly moved. Then I bound him by one of his 

orns, with a thread, and ſuſpended him in the receiver; when, he was 
carried very freely from one part of it to the other, by the motion of his 
Swings ; but, after the air was extracted, the clapping of his wings was in 


vain, for he could not, in the leaſt, move the thread from its perpendicu- 


Har poſture. 

069.) Pul 12. 1676. Yeſterday I put two flies into a receiver, in which 
left + of air, (i. e.) as much as would ſuſtain ten inches of mercury; 
= ſmall-bodied one, lived almoſt twenty-four hours. 


ove her feet, but the other continued ſtil] without motion. 
Hence it appears, that air, highly rarified, may ſerve for inſects to 
Preathe in, and that it doth not kill them ſo ſoon as artificial air. 


e veſſel ; but, in two hours time, they fell down from thence, and lay 
Without motion. 

After they had remain'd in vacuo for ſix hours, I took them out, and 
Within half an hour, they began to move a little. During the time they 
Were included, they produced near as much air as ſuſtain*d the mercury 
the height of a quarter of an inch. | 2 

Thbeſe fnails liv'd longer in vacuo, than did others included in artificial 


Lyer, to try if they would there produce worms. 
Aug. 14. Worms were formed, but the air had crept into the receiver, 
as to ſuſtain fifteen inches of mercury. | 
Hence it appears, that inſects may be produced, and live, if not in va- 
* o, yet, atleaſt, in air very highly rarified. 
Auguſt 16. 1677. I put flies eggs into an exhauſted receiver. 
No worms being produced, I admitted the air into the receiver, 
N left all things in the ſame poſture, to try whether the eggs had loſt 
Weir faculty of producing worms, | 
Sep.. 9. The eggs produced nothing. 


This experiment ſeems to ſhew, that inſets may be generated, and live 
ar highly rarified ; but not at all in vacuo, 


\ 


e biggeſt of the flies ſeem'd to die preſently ; but the other, which was 


*. When both the flies lay, as if they were dead, I ſuffer*d ſome air to en- 
er in; the mercury was fifteen inches high, when the leſſer fly began to 


Flies in a re- 


ceiver partial- 
ly evacuated. 


(70.) May 1. I put two ſnails into an exhauſted receiver, and, for a Snail: in va- 
Whole hour, they ſeemed to be well enough, and crept up to the top of cuo. 


X71.) Auguſt 12. 1676. I put the eggs of flies into an exhauſted recei- Fic: egg: in 


vacuo. 


72.) March 17. 1677. I put two equal quantities of frog - ſpawn into Frog-/pawn is- 
o glaſs veſſels of equal bigneſs ; I left the one in an exhauſted receiver, claded in va- 


«poled to the ſun; but the other, being in a receiver full of common air, u, 47 ir 
la Vol. II. . 1 h Ph 2 * 4. 
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Purenartcs I fortified againſt the acceſs of the external air. The frog · ſpayn To | I; 
cuo, all ſwell'd into bubbles. Ute 


May 2. No frogs were produced in either receiver; and the ſon glaſs, 
kept in vacuo, remain'd ſtill full of bubbles: but, about three * ”, Jmucl 
all the bubbles vaniſh'd, and the ſpawn was changed to a green j; — 0 

July 2. The receivers remained in a window, expoſed to the —_ clude 
ſun 3 ſo that ſome water mix'd with frog-ſpawn in vacuo, and the Sburni 


ſpawn itſelf was elevated into vapours; and afterwards, ſticking tots, 

ſides of the receiver, out of its own veſſel, was there condenſed: b. 

the veſſel, kept in the common air, ſtill contained all its water, Opeth 

with the ſpawn. TY 
A frog in va - (73.) June 15. J ſhuta frog in an exhauſted receiver, at about ſg 
euo. of the clock in the evening, and about nine the frog died. 

June 16. 1 repeated the experiment, and again perceiv'd, that the; 
frog, in two hours ſpace, had produced ſome air, rather than conſyne 
it. 

June 18. The frog, hitherto left in vacuo, was ſwollen very nich, 
but the air, now entring, made her far more flaccid and link tn 
before. | 

Hence it appears, that a receiver, void of artificial air, is |: hur. 

| ful to fuch kind of animals. 
Fly-b/owings (74.) Auguſt 3. 1678. I put fly-blowings upon fleſh, into an exe 
— . f 

Aug. 12. No worms were generated. 

Aug. 15. Perceiving no change in the eggs, I open'd the receiver, 
try whether they would generate in the free air. 

Sept. 15. Nothing was produced from them. 

Hence we ſee, that animals, which may be generated, and live in g. 
ly rarified air, are killed in vacuo, | 

Vinzgar-ee!s (75.) Aug. 22. 1678. I included vinegar full of ſmall eels, or vingr 
in vacud. worms, in an exhauſted receiver. | 
Aug. 29. The worms ſtill moved, but were fewer than at firſt. 
September 6. Yeſterday ſome of the worms ſtill moved, but now [could 
not ſee one; and uſing a microſcope, I found them all dead: but, inthe 
vinegar, which J had left in the open air, the eels had as briſk a m 
as at the beginning. 
Hence it appears, that very minute animals are alſo affected by! 
preſence and abſence of the air. _ 
Fire incom- (76.) May 14. 1 took a perfumed cone, which being once kindled 
preſſed air, and the free air, will, by degrees, wholly conſume ; and put it into a recenve 
JF * firmly ſtopt with a ſcrew : then I intruded air into it, till the mercut w 
3 ; one hundred and twenty inches above its wonted height; when, by a uſt 
condenſed and ing-glaſs, I kindled the cone, which preſently darken'd all its receiver 
common air. ſmoke, and, after ſome time, ſeven eighths of an inch thereof, in lg 

were reduced to aſhes ; but taking out the cone, and blowing wy 

aſhes, I found only the ſuperficies thereof conſumed ; the inner Far f 


maining entire, | 
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did not compreſs the air therein: the cone, fir'd by the ſame burning- 
E glaſs, was not taken out, till all the fumes abated and fell down ; yet, 
much leſs of this cone was burnt, than of the former, 
* (77.) May 19. I weigheda pertumed cone exactly, and then firmly in- 
cluded it in a receiver with common air, and kindled it by means of a 
Sburning-glaſs z when the fumes were condenſed, I took the cone out of 
he receiver, and found, it had loſt of its weight, almoſt one grain. 
® Afterwards, the ſame cone, obſerving the ſame circumſtances, was a- 
ain included and kindled; but firſt I had intruded as much air into its 
Feceiver as ſuſtain'd ninety inches of mercury; and by means of a pair 
Df ſcales, found the loſs of weight, now, to be four times more than before. 
Hence it ſeems to follow, that the conſumption of matter by fire is 
reater in proportion to the quantity of air contained in the receiver. 
== (78.) May 17. 1677. I included a perfumed cone in a receiver firmly 
Hop: by the help of a ſcrew ; and the air compreſſed to ſuſtain ſixty inches 
mercury above its uſual height, I fir'd it with a burning-glaſs ; the 
ne being afterwards taken out, had loſt three grains and an half in 
We! lit. 
W 1 repeated the ſame experiment in air, ſo compreſſed, that the mercury 
Wached one hundred and twenty inches higher than uſual ; then the cone 
Ws ſeven grains and three quarters lighter ; and ſo, tho? the quantity 
W the air was not double, yet the confumption of the matter by fire, was 
Wore than twice as much as in the former experiment. 
May 17. I made the ſame experiment in air compreſſed, to ſuſtain 
ſoy inches of mercury; and then, the loſs of weight ſeemed to 
IX grains. 
1 es we are taught, that the matter 1s the more conſumed by 
We, as the compreſſure of the air in the receiver is the greater; or rather, 
Met the conſumption is made in a proportion greater than that of the 
compreſſure. 
May 18. 1677. I intruded a perfumed cone, as before, in a receiver 
Nen times larger than that uſed in the former experiments, and crowded 
air at all into it. The cone kindled there, loſt three grains and a quar- 
of its weight; whereas, in the ſame quantity of air, if reduced to a 
Wb part of its ſpace, it would have loſt ten grains. 
Hence it ſeems to follow, that the ſame quantity of air, reduced to leſs 
4 its accuſtom'd ſpace, cauſeth a greater conſumption, than in its natu- 
ate. 
79.) May 19. 1677. I repeated the laſt experiment, in the ſame recei- 
8, cloſely ſtopt with a ſcrew, that nothing might get out or in. The 
de loſt but one grain and a quarter of its weight; whence I ſuſpect, that 
Fas not well kindled, 


ay 21. I made the ſame experiment in the ſame manner; and this day 


| 


lengt) : g N 
120 it cone was lighter by four grains; whence I more certainly collected, 
ri was not well ſet on fire in the preceding experiment | 


Hhhh 2 May 
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I included another cone of the ſame ſort in a much greater receiver, but Pi rte: 
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Pxzvmarrcs May 23. I repeated the ſame experiment twice, but ſuſpect, that n gr 
\ cone was not well kindled ; ſince, at one time, it loſt, only three * bea 
ters, and at another, one grain of its weight. ; 

May 24. I made the ſame experiment again; and this day alſo the |; 1 

of weight was found only one grain and a quarter. Then [I oper , twe 


receiver, and having wiped and cleans'd away the ſoot, repeated the cy. 1 . 
riment; when the cone took fire very well; for the loſs of its Weight . 
mounted to ſix grains and an half. 

I tried the ſame experiment again, in an uncleanſed receiver, ad ie 
cone loſt only three grains. 

May 25. I made the ſame experiment in a receiver well waſh'd, and the 
cone was lighter by ſix grains and an half. 

I made the fame experiment, in the like manner, in a well cleanſe . 
ceiver, and the cone loſt ſeven grains and an half. 

I made the ſame experiment again, in an unwaſh'd receiver, and thy! 
could not ſufficiently kindle the cone. 

May 26. I made the ſame experiment in an unwaſh'd receiver, abgy 
the middle of the day; the ſun being clear, and bright; and % 
not the burning-glaſs for a long time, ſo that it took fire very vel, ud 
became eight grains lighter. 

Hence it is manifeſt, that the quantity of a cone to be conſumed inthe 
{ame quantity of air is not fix'd and certain, but ſometimes greater 
ſometimes leſs, as the cone ſhall be more or leſs kindled. Beſides, th 
imperfect mixture of the matter may cauſe ſome difference; yet it ſem 
certain, that fire is more eaſily kindled in compreſſed a ir, than in con. 
mon; and the conſumption will be the greater in a certain quantity oft, 


if that air be reduced into a narrower ſpace, than if it poſſeſs'd nom: ente 
than uſual. of a 

(80.) May 22. I put a perfum'd cone into a receiver made for un- ( 
preſſing the air; and intruding the air till the mercury reſted thirty inci Wn FEce 
above its uſual height, I kindled the cone, and found its weight tobe a 
bated one grain and three quarters. 1 J 

May 23. I made the ſame experiment again, after the ſame mane, . (& 
and with the ſame ſucceſs. = 


I repeated the ſame experiment, but the cone did not kindle vel. 


Whence we have a confirmation, that fire is more eaſily kind led in ait mud an * 
compreſſed, than in common air, or that which is but a little condenſed, 5 

I repeated the ſame experiment, and after I had removed the burning xj 
glaſs, whilſt I was intent to ſee, whether the cone would proceed io x * 
conſumed, the receiver brake into an hundred pieces, ſome of which ſtruct _ 
my head, and wounded it: which I mention, that no man may k 4 
confident his glaſs will not break, whilſt he is about ſuch experimen» atk; 
becauſe he has found, that at other times it reſiſted a greater preſit * ” 
For this very glaſs had contain'd air four times more compreſs'd. It hadi a 4 
ſo reſiſted air, ſuſtaining one hundred and ninety-eight inches of mers] OE 


above its wonted height; yet, now it was broken by a preſſure, more 5 
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ex times leſs 3 and therefore while a man looks into ſuch receivers, his pen 


& hcad ſhould be guarded. 


(81.) June 4. 1676. I burnt paper, beſmeared with ſulphur in vacuo, 7 44 


and found that it produced ſome air; which was not at all diminiſh'd for 4, and jr 


two days. ; paper, —_— 
This air mult be aſcribed to the paper, for none is produced out of ſul * — _ = qe 
hur alone. 3 
(8 2.) June 15. I burnt harts- horn in vacuo, and found that the fumes Harti gern 
iſſuing therefrom contained ſome air. Senn in va 


June 17. On theſe two laſt days I repeated the ſame experiment, and e. 

always obſerved, that air produced from harts-horn, was ſoon, in part, 
$ deſtroyed ; but that which preſerved its elaſticity for an hour aſter the 
burning-glaſs was removed, ſeemed afterwards not to loſe it at all. 
& June 19. I took the harts-horn out of the receiver, and found no vola- 
tile ſalt, but only a fetid oil to be produced therefrom. 
= (83.) June 21. I burnt amber ix vacuo, and at firſt could not find that An ber Burn 
the fumes aſcended above the height of one inch; yet in a receiver full of in vacuo. 
air they would be carried up to the top, and from thence return down- 

wards; yet afterwards, even in the vacuum itſelf, the fumes reached almoſt 

to the top of the receiver, but the mercury varied not at all in its gage. 


, = 7un222, This night a great deal of that water, in which I had immer- 
' ſed the receiver, found a paſſage into it, tho* the cover was ſo well fitted 
k to the aperture, that I never perceived any water to get in betwixt them 
before. Hence a ſuſpicion aroſe, that ſome volatile ſalt had probably at- 
. WW X& tracted the aqueous parts, by reaſon of the congruity betwixt them. 
„ July 8. I ſtill kept the receiver immerged in water, but no more water 
„ enter'd in; as if, the ſalts being waſhed away, the external water, deſtitute 
of aſſiſtance, could no longer inſinuate. 
. (84.) Jan. 18. 1677. I put two drams of camphire into an exhauſted Canpbire ſub» 
receiver; and the juncture of the cover with the receiver, being fortified . in va- 
. againſt external air, I put the camphire on a digeſting furnace. ws 
Jan. 19. The camphire ſublimed into flowers, but no air was produced. 

„ (8 g.) May 24. 1676. I included Sulphur vivum in an exhauſted recei- Sulphur vi- 

ver, and melted it by the help of a burning-glaſs; but found that the vum Fuſed in 
. fumes produced therefrom contained no air, becauſe the mercury aſcend- ans 
ed to the aperture of its gage, as is uſual while the receiver is evacuating, z 
. vet when that was cool'd, the mercury returned to its former height; and 
* therefore that change was probably owing to the air included in the ſeal'd 
or leg of the gage, being rarified, and driving the mercury into the other 
mm Sue 
iv (8 6.) July 19. Having included paſte nine days ago in vacuo, and per- 5 
" 8 cciving that it now contained no more air, I ea to fire it with a — — 2 
fu burning. glaſs. The ſubſiding fumes had tinged the ſuperficies of the paſte % ing. 
aof a curious yellow; and I conjectur'd that ſome air was produced, be- gif in vas 


cauſe the receiver, which before was cloſely join'd to i 
now with eaſe be pluck'd therefrom, * its cover, might 
(87.0 
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n (87. September 9. 1676. Lexhauſted the air out of a receiver half fu 
The produtiion of dry'd grapes, and fortified it againſt the external air, | 
of air from Sept. 10. In 24 hours time the height of the mercury was half, 
grapes in va- Sept, 12. In two days time the aſcent of it was half. 


cuo. 14. 1 
17. 8 The aſcent of the mercury was + 
22. g 


27. The aſcent was 5 The height 3 inches. 
October 11. The height of the mercury was now about 6 inches. 
Fram figs. September 9. 1676. I put dry*d figs into a receiver, and fill'd about half 
of it with them; then I extracted the air, till the mercury reſted at " 
height of 3 inches. 
Sept. 10. No air was produced. 
Sept. 17. Perceiving no air to iſſue out of the figs, I open'd the recen 
Hence we learn, that dry'd fruits put into an exhauſted receiver, jg, 
duce very little air with regularity. 
From pears (88.) Auguſt 5. 1676. I included pears and apricocks in vacuo, 
and apricecks. Aug. 6. In 18 hours time the mercury roſe two inches; in 10 how 
more it reach'd to three. 


Aug. 15 The height of it was BY 


9. In 14 hours ſpace the mercury mounted 3 quarters, 
Its height was 7 and a quarter, 


Aug. 10} ſ 8+ Aug. +} E 
11 10 7 19 29 
12 12 4 20 315 
13 The height of it wasy 14 + 21 \The height of it was“ 32: 
14 16 22 | 34 
15 . 20 33 
16. 20 26 Ft: 


Aug. 29. The height of the mercury was 41. 
Sept. 1. The height of it was 42 and a half. 
4. The height of it was 44. ; 
7. The 3 laſt days being hotter than the foregoing, the dcn 
of the mercury was 2 and a quarter ; its height 46 and a quarter. | 
Sept. 10. The height of the mercury was 47 and a half. $ Suc] 


13. The mercury was depreſs'd, its height only 44 inches. found 
23. The mercury by degrees mounted again to 48 inches. time. 
27. The height of the mercury was 50 and a half. among 
Nov. 5. The mercury aſcended gradually to 52 and a half. s (91. 
Nov. 28. The apricocks were reduced to water; the ſkin being {e- receive 
ver'd from the pulp, yet no more air produced. ended 
Jan. 10. 1677. Whilſt it froze very hard the mercury roſe to 5/ | Tune 
inches, but when it thaw'd it ſunk to 23. Whether the ſtrength of tit . 
froſt opened ſome way for the air to get out, I know not. m_ being « 
H 


i 

84 2 
2 
. 


* | W 


| being opened, I found the cabbages little altered, 
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2. The mercury could aſcend no higher, becauſe the air was Pr=vmarres 
| 2 This day I found the receiver tumbled on the ground; and the 
1 1 -icocks, when the froſt broke, were putrified, and had loſt their colour. 
N it ſeems to follow, that apricocks produce air almoſt as eaſily in 
i cheir wonted preſſure, as in vacuo. 4549 : | 
* (89:) June 22. 1676. I put ſour cherries into two exhauſted receivers, From cherries. 
and proceeded with both alike, except that in the one the cherries were 
T whole, in the other cut aſunder; in two hours the whole cherries had im- 
4 pelled the mercury into the gage, to the height of 10 lines, and the cut 
ones to about 20. | : ; 1 
June 21, In 24 hours the mercury, in the receiver containing the whole 
cberries, roſe to the height of three inches; but in the other the gage was 
ſpoilcd. 
5 iP June 26. The whole cherries had not yet produced ſo much air, as to 


ſuſtain 15 inches of mercury; but the cut cherries had wholly filled their 
receiver with air. | 


Judy 9. The receiver of the whole cherries was remov'd from its cover; 
eat one of them, which taſted pleaſant enough. I included the reſt again 
in vacuo; many of them were broke, and in one hour's time they impell'd 
the mercury to the height of about 2 inches. | 
July 10. During theſe laſt 24 hours the mercury aſcended not; whe- 
ther the gage was damaged, I am not certain. 

July 15. I found the cover ſevered from the receiver, whence it was 
clear that the gage was hurt. 


Hence it appears, that ſome cut fruit ſooner produce their air, than 
what is whole. 
090.) June 9. 1676. I put ſome cherries, that were not acid, into an 
xhauſted receiver; and within an hour found as much air produced from 
them, as ſuſtain'd a quarter of an inch of mercury. 

June 10. In 18 hours the mercury roſe to 11 inches. 


8 June 11. The fruits produced leſs air gradually, ſo that this day, to- 
+ wards the evening, the mercury came not up to 15 inches. 


June 12, The mercury was a little higher than 15 inches. 


* 13. The height of the mercury was 22 inches. 


16. The mercury yet came not up to 30. 


18. Perceiving no more air to be produced, I opened the receiver. 
Such a ſmall production of air ſeems very remarkable, becauſe I had 
| found fruit of the ſame kind in France, to fill: their receivers in two days: 


time. Probably fruits of the ſame kind, in ſeveral countries, differ much 
amongſt themſelves, 


091.) June 12. 1676. I put cabbages, 
receiver, with a mercurial gage; and in 
cended one line. \ 


June 13. The mercury was now come almoſt to the height of 10 inches. — 
17. It was come almoſt to the top of its gage; and the receiver 


Tune 


cut in pieces, into an exhauſted From cabbagen 
an hour's time the mercury aſ- 


608 


ParumMATICY 


From oranges. 


From à tulip. 


Half & lemon. 


Phyfico-mechanical Experiments. 

June 19. Being left for two days in the open air, they were v 
rupted, and blackiſh. I put — again 3 to 25 whether 
trefaction begun, would promote, or retard the production of air. A 
June 19. The mercury, in half an hour, ran up half an inch, 

22. For three whole days, the mercury got higher, only by; 
lines. . Its height was one, and a third of an inch. 1 

June 23. Finding the cabbages produce no more air, I took them ,, 
of the receiver; their ſmell was very bad. 

Hence a ſuſpicion aroſe, that bodies, when they putrify, have procl. 
ced almoſt all their air. 

(92.) May 29. 1676. I took pieces of orange, weighing 4 ounces, wg 
put them into a receiver, capable of holding 10 ounces of water; ang 
hauſted the air. 

Fane 10. The receiver was removed from its cover, by the force oft 
air produced; ſo that I took out the oranges, and preſently put they 
into another exhauſted receiver, capable of containing 8 ounces of w. 
ter; when the mercury, within half an hour, was elevated to the hegt 

of half an inch. 

June 13. This ſudden aſcent of the mercury was not durable; fy 
it yet came not to the height of 2 inches. 

June 16. The mercury, during the laſt 24 hours, aſcended about thre 
lines. 


June 21. The mercury, the laſt 24 hours, did not aſcend the ſpaced! 
one line. 

July 18. I perceived no more alteration in the height of the mercur, 
but ſome mouldineſs appear'd ; tho? I am certain that no air from wit: 
out had enter'd the receiver. 

93.) April 27. 1676. I put a tulip into an exhauſted receiver, with: 
mercurial gage; but before it was fortified againſt the external air, e 
nough got in to ſuſtain 2 inches of mercury. 

May 2. The tulip, which at firſt appeared ſtriped with various co. 
lours, was now wholly changed into a dark red, become moiſt, and pro 
duced very little air. 

(94.) April 22. 1676. I put half of a lemon into an exhauſted rec 
ver, with a mercurial gage, ſo ſhort, that the mercury could not aſcend 
3 inches. 


April 24. In two days ſpace the mercury came to the height of an 
inch and a half. 

April 25. The mercury was now two inches high. | 

April 27. Yeſterday the mercury aſcended 4 lines, but this day only 
one. 


April 29. During the two laſt days, the mercury mounted higher d 
one line. 


May 3. In four days ſpace the mercury aſcended one line, and a li 
tle more. | : : 

May 3- 1677. The mercury came to the top of the gage, yet no ö 
got out; but the lemon was a little alter'd. | Ji 
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1. 1678. Hitherto no air eſcaped out of the receiver; but the Przvwarrecs 
NE er — a yellow colour, and a moiſture. ; A 
095.) March 16. 1677. I put two apples of the fame ſort, into two ex- Apples. 
hauſted receivers ; one of the apples having begun to putrefy, but the o- 
ther was only bruiſed by a few blows. _ £2 

May 15. 1677. Hitherto they ſeemed in a-very good caſe ; but now the 
apple which was bruiſed, appear'd wholly rotten, and the receiver was 
forc'd from its cover: the other apple remain*d without change. 

Aug. 20. 1677. The apple, which before began to be rotten, ſuffer'd 
no farther alteration; but, finding that the receiver was now parted from 
its cover, and fearing leſt the apple would be ſpeedily putrefied, I took it 
out: its taſte was grateful, inclining to acid, as if it had been fermented ; 

but the pulp ſomewhat reſembled meal in conſiſtence. 
= Hereby it ſeems confirmed, that fruits have produced the greateſt part 
of their air, when putrefaction begins in them; ſince the putrid apple did 
not fill its receiver, but in a much longer time than the other. 
= (96.) May 17. 1676. I pour'd two equal quantities of milk into two 
olaſs-receivers, of equal * z the one I left in the free air, and the o- 
ther I included in an exhauſted veſſel, with a mereurial gage. 
May 18. The cream floated on the top of the milk, left in the free air ; 
| but that in vacuo, was only cover'd with bubbles, and the gage not alter*d 
Pat all. 

May 19. The bubbles gradually ſwelled z and the mercury, in the 
gage, was a little higher. | 

May 20. The bubbles, in vacuo, ſwelPd yet more, and that milk 
ſeem*d curdled ; but the other, in the free air, was, manifeſtly, curdled. 

The mercury, in vacuo, came almoſt to the top of its gage. 
1 = May 22. The milk, 4x vacuo, proceeded to generate more air; and 
nov it evidently appear'd to be curdled. Whence, it is manifeſt, that the 

coagulation of milk, when the air is taken away, is retarded. Almoft all 

the bubbles were now broke, 
June 20, The milk, in vacuo, was no longer cover'd with bubbles, and 
* ain'd ſtill coagulated in the ſame ſtare. But the milk, in the free air, 
became very fetid, and was full of worms. When it was put on the engine, 
and the air extracted, it emitted many very large bubbles, for a long 
time; and the worms mov'd very vehemently, but not one of them died 
in four hours time. 

May 19. 1677. Three or four months ago, ſome whey, in vacuo, was 

F poured out of a veſſel into a receiver, and it ſeem'd clear and limpid, like 


Milk. 


"26 *% 

_ wwe 

Su "2 A 
a. as [1 


Whey. 


Vater; yet there was whey enough left in the veſſel, to ſeparate the buty- 
vous from the caſeous part, at a ſufficientdiſtance. 

co WS This day the milk, ſtagnant in the receiver, ſeem'd to have got out of 

it; lo that it is clear, the air, in the receiver, had a greater force than the 

a external air; for the cover, alſo, was ſeparated from the receiver. To- 

# wards night, I took that milk out of the receiver, and found it to be acid, 

o both in ſmell and taſte, yet it was not ngrateful to the palate; but after 


7. Vo I. II. ; Iii i a ſhort 
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pszunartes à ſhort time, the whey, which hitherto had remained limpid between n 

8K 2 and butyrous part, began to diſappear, and to be blended wi 
thek. | 

May 24. The butyrous part wholly vaniſhed ; though, as yet, it had 
ſuffered no ſenſible mutation: but the milk began to ſmell ill. 

June 1. Our milk had not, yet, contracted the worſt of ſcents ; neirhs, 
had it produced any worms: but it grew dry by degrees, and, this ni kt 
the mice eat it up, as, perhaps, they had the butyrous part before, 

Here we ſee, that the coagulation of milk, when air is extracted ther. 
from, is ſomewhat retarded; that the weight of the butter, of whey, d 
of cheeſe, is not the ſame in the air, as in vacuo; for, in the air, they ue 
confuſedly mixed; but, in vacuo, one ſwims on the top of the other; thi 
the putrefaction of milk, when air is extracted, is hindered, or very much 
retarded; and, laſtly, that milk, by continuing long in vacuo, is mids 
unfit to generate worms, even in common alr. 

Tins: ( 97.) September 5. 1677. I took the ſame receiver, and the ſame veſſe! 
uſed before to preſerve milk in vacuo, and included urine therein, as I hd 
done milk before. The quantity of urine was about three ounces, . 
three drams, and the receiver capable of holding ten ounces of water. 

Sept. 7. The mercury reached to the height of almoſt two inches, 

Sept. 8. The mercury was ſomewhat higher than yeſterday. 

December 5. The mercury aſcended not above three inches; and, {1 
the _ month paſt, was not changed. The urine ſeemed not to be x 
all altered. h 


Decemb. 6. I ſet other urine under a receiver, not defended againſt tl: 
external air. 
Decemb. 16. The urine, in vacuo, ſtill kept unaltered ; but the other 
ten days time, ſeem'd turbid, and to have contracted ſome mouldinek 0 
its ſuperficies.. 

This experiment, compared with the former, makes it probable, th: 
urine contains leſs air than milk. | 

But the power of the air to corrupt urine ſeems very obſervable, 

Nute: ( 98.) May 19. I took paſte, very much diluted, and without leaven, 

and putting it into a glaſs-veſſe], included it in an exhauſted receiver: and 
tho? the veſſel which contained it, were not half full, before all the air 
was exhauſted; yet the paſte had ſwollen above the brim of the velle!. 

May 20. The paſte continued to ſwell, and was interſperſed with many 
cavities. 


May 22. The paſte was much more tumid than before, and much at 
was generated therefrom, 

May 23. In the morning I found the cover ſever'd from the receiver, b 
the force of the produced air, and ſome of the paſte ſpread above tit 
edges of the receiver; yet its ſwelling was ſomewhat abated. In the after 
noon, its ſwelling was much more abated, yet it took up twice more 
ſpace than before it was put into the receiver. The taſte of it was not acid; 
and, therefore, I think, that bread, thus made, is very light. 


(99) 


enter. 


\ 
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yer, defended againſt the external air; and another equal quantity into a Bf: 
receiver, neither exhauſted, nor cloſely ſtopp'd. 

uly 21. In thirty hours time, the exhauſted receiver was fill*d with air, 
ſo that I ſuſpected ſome air had got in: and, therefore, included the ſame 
beef again, and ſo cloſed it; there was no fear any external air ſhould 


July 22. In fourteen hours time, the mercury roſe to che height of fit- 


teen inches. 


July 25. For three whole days and more, the beef did not produce air 
enough to fill one half of the receiver. | 

July 26. The receiver was ſever'd from the cover; and in one hour's 

| time, I perceived the beef, being again included in vacuo, had produced 


air enough to ſuſtain ten inches of mercury. 


July 28. ] found the receiver again filled with air, and re-exhauſting it, 


Mem. 
Ao 
. Ia 


much air was in a ſhort time again produc'd from the beet. 


July 30. The receiver being again fill'd, I again included the beef in 
vacuo, and found, that the air produced from it in one hour, ſuſtain'd ten 
inches of mercury. 

Aug. 1. The receiver being this day filPd again, the beef ſtunk abomi- 
nably, and we threw it away. | 

Hence it appears, that fleſh, whilſt it putrefies, produces much more 
air, than before it putrefies; but it is otherwiſe in fruit. 

( 100. ) July 18. 1676. I put ſome gooſberries, which I had long kept Grorerriee. 
in receivers, to produce air, into one that was exhauſted. | 

Within half an hour the mercury aſcended to the height of one inch. 

In ag hour and a half, the mercury mounted another inch. 

Fuly 19. In twenty-four hours time, the receiver was almoſt all filled 

With air, 


= 7uly 20. The cover was forced from the receiver, and much juice run 


out. 
July 29. I left the ſame gooſberries in a receiver, not defended againſt 


be external air; but this day I included them again invacuo, to try, whe- 


Wether they could produce any more air. 

Judy 30. In ſixteen hours time, the gooſberries drove up the mercury 

n inch and a half into the gage. 

July 30. 1677. The gooſberries could not wholly fill the receiver; 

End they always remain'd in the ſame ſtate ; but a while ſince they had al- 

moſt loſt their red colour, and inclined to white. 

From hence it ſeems to follow, that this fruit, after it has produced all 

Its air, ſuffers very little alteration ; as if that air itſelf were the cauſe of 
orruption. 

$ (101.) Arg. 23. I put pears into an exhauſted receiver with a mercurial Pears. 

Rage; and before the receiver could be well defended againſt the external 

air, the mercury was riſen one inch and a half. | 

n two hours timeit aſcended four inches; its height being almoſt ſix. 


liiiz Auguft 


.) Ju 20. 1676. I put a quantity of beef into an exhauſted recei- Y rte 
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PxzumAaTICs Auguſt 24. The height of the mercury was twelve inches, 
AY 25, The height thereof was ſixteen. 
Aug. 26) The height fag Aug. 28T The height 
27 of it was 21 314 of it was 13 


Sch. 1% Theheignt $32 49 The height Y 
\ of it was 5 of it was #5: 
5 2 38 * 50 


22 


6 


Sept. 7. The height of it was the ſame, becauſe ſome air had eſcape; 
but I prevented that for the future. 


Sept. B) 534 
9+ The height of it was4 54 + 
10 58 
Sept. 12. Yeſterday the mercury remained at the fame height; but ngy 
it ſeem'd to be depreſſed: whence I conjecture, that ſome air had got on. 
The height of it was fifty-three and a half. 
Sept. 13. I tranſmitted the air into another receiver: the height ofity; 
thirty-two and a half. 
Sept. 16. I perceived that the air had got out; and opening the ri. 
ver, found the pears very rotten. 
Theſe pears produced their air irregularly, ſometimes quicker, ſons 
times ſlower. | | 
Dried p/umbs, ( 102.) Sept. 17. I put dried plumbs into an evacuated receiver. 
| Sept. 19. The mercury ſeem'd to have aſcended a little. 
Sept. 22. I perceived not, that the height of the mercury was alter. 
Novemb. 9. When the plumbs produced no more air, I open'd ther: 


ceiver. | 
By this experiment, 'tis confirmed, that dried fruit is very unfit'topo- 1 
duce air. = 07 
nl nt ker-. (103.) Sept. 28. I put freſh nut-kernels, cut to pieces, into an e = Oc 
»#ls. ated receiver, with a mercurial gage. * C 
Sept. 29. The mercury aſcended a little. | 15 * 
Sept. 30. The height of it was two inches. | 4 
OZeb. 5. The mercury continued to aſcend by degrees: the beige WY 8 
it exceeded ſix inches. | By 
Ofob. 15. The height thereof was ten inches. 
Octob. 22. The height of it was fifteen. 
Nov. 28. The mercury was come to twenty inches, or more; but noi "Te" 
the receiver was thrown down and broken, and the nut-kernels ſcatters: I And at 
they were preſerv*d very well, both as to colour and taſte.  . WE (106 
Hence we may conjecture, that air, without ſenſible putretaction, " ew .c 
producible from fruits, even of a hard conſiſtence. ; Who me 
The predation (194+ ) June 22. I included new peaſe in a receiver, with a glaß ful WY heed f 
If air above its Of raiſins of the ſun bruiſed, and mixed with water; and did not extal In ſe 
uſual preſſure, the air. | dat fv 
fon _— „ Towards evening, the mercury had mounted to twelve inches; but! July 
Jer, in common great part of that air was produced from the raiſins, not from the peaſe. 1 half. 
air. June 23. The height of the mercury was forty- nine. Jm 
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June 24 The height — | Tune 267 The height 90 * 


255 of it was 285 of it was Q10oo 

The peaſe ſweat, as it were, and grew yellow. 
June 30. The height of the mercury was one hundred and ten. 
July 1. The mercury aſcended not, yet no air eſcaped. 
July 4. The height of the mercury was one hundred and twenty-four. 
July 7. The height of it was one hundred and forty. 7 
Jia io. The height remain'd the ſame, but the liquor, which diſtill'd 
from the peaſe got out. 
July 12. New liquor was produc'd from the peaſe; but the mercury 
continu'd at the ſame height. ‚ 

July 13. The liquor got out of the receiver, and ſome air beſides; 
E whereupon ] ſer the ſcrew, and new liquor being in a ſhort time collect- 
ed, fortify'd the cover within. 


. 
* : 
* 


Ethan ordinary, were eaſily ſtript of their husks, as if they had been par- 
Ppoil'd; but they kept their ordinary taſte. 


Wcury aſcended an inch. 

Ft. 16. In twenty-four hours time, the mercury ran up five inches, 
Hand its height was ſix. 

ct. 17. The height of the mercury was eight. 


Sept. 18 Io | Sept. 23 18 
196, The height 9 12 24 The height 919 
20 of it was I4 26 of it was 23 
22 18 28 26 


j | O#0b. 1. The height of the mercury was thirty. Z 
Odlob. 4. The height of it was thirty-one, the weather ſomewhat cold. 
= 0O#%.57 The height 532 | Oob. g ; | 

<# in 1 2 | x 4 The height was 337 
Oclob. 15. For theſe two laſt days, the cold being abated, the mercury 
Zaſcended ſwifter; its height was thirty-ſeven. | 


, = O70. 17) 38 [| O70. 29 45 
| 19( The height) 39z | Nov. 2 ( The height ) 46 
224 of it was Y41 5 of it was Y47 

26 43 20 53 


In this experiment, the air ſeems to be produced ſometimes regularly, 
and at others irregularly. | 


he mercury half an inch; and afterwards, in half an hour, the air pro- 
Puced from the gooſherries, impell'd it another half inch. 

* _ hours time, the mercury aſcended four inches higher, and reſt- 
ed at five. 


| 0 7. In fourteen hours, the aſcent of the mercury was two inches and 
halt. In 


Jiu 15. The receiver was broken in pieces; but the peaſe, being ſofter 


(105.) Sept. 15. 1676. I put unripe plumbs into an exhauſted receiver; „ Mumbs in 
and before the receiver could be guarded againſt the external air, the mer- vacuo. 


& (106.) Fuly 6. 1676. I put gooſberries into an exhauſted receiver, but I, G:2errizs 
pefore we could prevent the entrance of the external air, it had impelPd in vacuo. 


914 
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In 10 hours, the aſcent of it was 2 +. 


July 8. In 14 hours, the aſcent of the mercury was 1 f. — 
In 10 hours, the aſcent was 2. | that th 
Tulyg. In 14 hours, the aſcent of the mercury was 2 4. inf. 
In 10 hours, its aſcent was 14. gain f 
July 10. In 14 hours, the aſcent of it was 1 +. pern 
In 10 hours, the aſcent of it was 3. Wore. 
Fuly 11. In 24 hours, the aſcent of the mercury was 4. Jud 
July 12. In 24 hours, the aſcent was 4. Huced'! 
Now the mercury was brought to its wonted preſſure. In fe 
July 13. In the morning J found the cover broken; and becauſe In ſe 
was faſtened by a ſcrew, to prevent its being ſever'd from the receing Ju. 
I ſuſpected this happen'd from the internal air. I ſubſtituted another con 1 
in its ſtead. 
July 14, 13, 16, 17, 18. I perceived no change in the height of g, # 
mercury, becauſe the cover was not exactly cloſed ; and therefore | toy, Phi. 
out the fruit, and put part into another evacuated receiver, and then Waſte, 
I ſtopp'd up cloſely with common air, that nothing might get out. But t 
In 4 hours, the mercury aſcended 4 inches. find! 
July 19. In 14 hours, the aſcent of the mercury was I ; 3 but ſuſet. Wrricd 
ing the air to have eſcaped, I ſet the ſcrew. Zpcl!'d 
In 9 hours the aſcent of the mercury was 11 inches. WF (108 
The cover broke and the air eſcaped. Wr ; vw! 


In paſle in va- 


CuO, 


This experiment ſeems to prove that gooſberries contain much aj, 
which, as ſoon as it is freed from the wonted preſſure of the air, mir 
readily breaks out, than when reſtrained by ſome ambient air, til ti 
gooſberries begin to ferment ; for then air is produced in a far lag 
quantity, tho“ the compreſſure be greater. 

(107.) July 8. 1676. I included paſte in an exhauſted receiver, a, 
before it was guarded againſt the external air, the mercury was come v 
-the height of three inches ; the air making an irruption from without; 
whence the paſte, which was much ſwollen, loſt about the third part d 
its tumidity. 

A little while after, it ſwell'd again; and within half an hour, the 
mercury mounted higher by two inches. 

In one hour's time, the aſcent of the mercury was two and a half; 
and the paſte continued to ſwell. 

; another hour the aſcent of the mercury was three inches and! 
half. | 

In an hour more, the aſcent of it was four inches and a half; an ! 
reſted at ſixteen. : 

Zuly 9. In fourteen hours ſpace, the aſcent of it was twenty-one incis, 
and the height of the mercury thirty-ſeven. I ſuſpected that ſome 4! 
bad got out. When I ſet the ſcrew, the cover broke; and upon admillin 
of the external air, the paſte, which always roſe, now abated about tit 
inches of its tumidity; though it was leſs compreſs'd than before. 


hours, the aſcent of the mercury was fifteen inches. 
. Take endeavour'd to ſet the ſcrew, the cover broke, 
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that the air eſcaped ; and the paſte was preſently ſomewhat depreſs'd. 
In four hours, the aſcent of the mercury was ten inches: the paſte a- 
gain ſwell'd, as before; but, being willing to ſubſtitute a better ſcrew, 
permitted the air to enter; yet the paſte did not now ſubſide, as be- 


ore. 


& 7uly 10. This night the paſte roſe again; yet it ſeemed to have pro- 
Wuced no air. | | 
In four hours there was no aſcent of the mercury. 
In ſeven hours, the aſcent of it was four inches. 
July 12. I perceived noaſcent of the mercury. 
13. It ſeemed to have aſcended a little. 
17. Seeing no more air produced, I took out the paſte, and 


found it to have a ſouriſh ſmell. 


W This experiment ſeems to prove, that air might be produced out of 


Waſte, in compreſs'd air, as well as in vacuo. EE: 
But the paſte was twice depreſſed, becauſe the compreſs'd air, ſudden- 


WT finding a way to eſcape, was dilated 3 as happens in ſprings, when 
Wrricd beyond their point of reſt; but, when that air was immediately 
Fpell'd by the external air, the paſte pitch'd, and was depreſs'd. 

oF (108.) July 13. 1677. I included ſome horſe-beans in vacuo, with wa- 
r; when thoſe which were bruiſed, ſeemed to ſwell much; but thoſe 


ich were left whole, ſuffer*d no ſeniible alteration. 
In two hours ſpace, I ſaw no air produced, tho” the beans continued 


ſwell. 


hes. 


4 'J I 7. 
N 18. 


19. 


| 20. 
; 22, 
| 24. 


25, 


July 14. In twenty-four hours, the aſcent of the mercury was ſeven 


iy 15. In ſixteen- hours, the aſcent of the mercury was three inches 
and a half. 
| 7 eight · hours, the aſcent of it was one and a half, the height of it twelve. 


In fourteen-hours, the aſcent of it was three. 

In twenty-ſix hours, the aſcent of it was ſix. 

In twenty-four hours, the aſcent of the mercury was almoſt 9. 
I flopp'd the receiver firmly with a ſcrew, becauſe the air 
had got out. In nine hours the aſcent was one inch. 

In twenty-four hours the aſcent was three and a half. 

In twenty-four hours the aſcent was five and a half. 

In fourteen-hours, the aſcentof the mercury was two. - 

In twenty-four hours the aſcent of the mercury was eighteen: 
In fourteen hours, the aſcent of the mercury was almoſt 
five. The height of it thirty-five above the wonted preſſure. 
The receiver could not ſuſtain a greater preſſure. I found the 
beans of a fetid ſmell, not much unlike that of putrefied fleſh. 


Hence it ſeems to follow, that beans contain much air, and that it is pro- 
Wc'd in a moderate preſſure, as well as in vacuo; ſometimes more ſudden- 


ly. 
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pxxvnaTlcs]y, ſometimes more ſlowly. But eſpecially, that great inequality, hi ( 
happen'd July 23, is obſervable. _ fore 
In - goosberries (109.) July 23. I included gooſberries in an exhauſted receiver, ] WW uſt 
in vacuo. guarded them very well againſt the external air. 8 
In two hours the mercury aſcended one inch. # 
July 24. The height of the mercury was ſeven inches and a half, 1 
July 2 42 height 1] i2 | July 27) The height J 20 = 
26 of it was T 17] 285 of it was 1 241 N 


July 29. The height of it was almoſt 30. 
30. The height of it was almoſt 31. I tranſmitted ſome air qi 
of this receiver, into another evacuated receiver, and the height 
of the mercury was 26. 
31. The height of the mercury was 35. 
Auguſt 1. The height of the mercury was 39. But ſome air had ca. 
ped 3 and going to ſtop the receiver cloſe, I ſuffer'd more air to get oy, 


The height of the mercury was 30. 0 

Aug. 2. The height of the mercury was 39. I tranſmitted ſome ay [theſe 

into another receiver. Ne 
The height of the mercury was 31. | F 

Aug. 3. The height of the mercury was 39. 74 

4. The height of the mercury was 41. Vet I 

5. The height of the mercury was 43. I tranſmitted the air in cold 

another receiver. Sep, 

The height of the mercury was thirty inches. 5 aſcene 

6. The height of the mercury was 43. recen 

7. The height thereof was 47. 251 


8. The height thereof was 48. But the air being tranſmit Th 
into another receiver, the height of it was 36. | | 


9. The height of the mercury was 41, in fourteen hours. gar, b 


Aug. 10. The height of the mercury was 47 ; the air being tranſmitted Toa 
into another receiver, the height of it was 35, in tent) Bm e 
four hours. 8 
11. The height of the mercury was 38 and a half, in fourteenhours. Bi 
12. The height of the mercury was 42, in twenty-four hours. WF Ine 
extracted the air, and the height of the mercury was 26. q ury r. 
13. The height of the mercury was 33, in twenty-four houts Wi 
ed. - 36 | 17 44) 
9 The height of it was 85 0 24 | 18 Fr height vage The 
16. 412 1.19 * at 61. 


I tranſmitted the air into another receiver; and the mercurial gage 
ſpoiled. I took out the gooſberries, and found they had loſt their cob 
and almoſt all their acidity. | | 

From hence we may infer, that gooſberries produce their air regular 
unlefs ſomething be extracted out of the receiver; for then they ©" 
a power to produce new air more ſpeedily. (ns 
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(110.) Sept. 12. J put crude grapes into an exhauſted receiver; but be- Pures 
fore they could be fenced from the external air, as much had got in as 7 8 


a ſuſtain'd three inches of mercury. ab. 
Sept. 13 5 Sept. 17 19 
14 The height of it was 310 19 > The height was A 23 
16 17 20 | 25 


Sept. 22. The height of the mercury was 30. I ſtopped the receiver 
with a ſcrew. | 
23. The height of the mercury was about 30 and a half. 
24. The height thereof was 32. 


: Sept. 26 : 34 2 OZob. 2 39 * 
27 (The height 3 +( The height) 3? © 
| 28 P of it was 3 5 F of it os we 
E | 29 37 5 7 41 by 
37 * 9 Z 


30 41 
O29). 15. The height of the mercury was 46. It aſcended chiefly on 
theſe two laſt days, when the froſt was diſſolved. | 
| Nov. 2. The height of the mercury was 54. 
5. The height was 58. h 1 
Jan. 10. 1677. The mercury was come to the height of 70 inches; 
yet J perceived no ſenſible change in the mercurial gage, even when the 
cold was ſharpeſt ; tho? the grapes and their juice were turn'd to ice. 
* Sept. 21. Hitherto the grapes ſeem'd not altered; but the mercury had 
E aſcended a little, becauſe the air found a paſſage out. I open'd the 
receiver, and when the air broke forth, many of the grapes ſeemed to be 
BE wrinkled, The grapes had kept their taſte, but it was much more pun- 
gent, the juice continued tinged of a curious red colour. 
This experiment ſeems to inform us, that grapes produce not all their 
Wair, but in a long tract of time. 
(111.) Aug. 10. 1677. I put pears, cut aſunder, into an exhauſted re- Is pears in 


int) 


el 


eeiver. Towards evening the mercury was riſen ten inches. vacuo. 
Aug. 11 201 Aug. 15 C55 
8. 13 > The height of it wad 38 16> The height wasQ60 
1 14 48 17 68 


The air being tranſmitted into another receiver, the height of the mer- 


" cury remained at 53 and a half. 
s, Aug. 18 J The height or Aug. 20) The height 570 
* | 5 06 of it was 464 21 of it was 72 
( Fea air being tranſmitted into another receiver, the mercury remained 
be Aug. 22) The height 4 68 | Aug. 24% The height F 79 
233 of it was 274 25) of itwas [81 
wh The air being tranſmitted into another receiver, the height of the mer- 
ir ury was 61, | | 
b Vo L. II. | Kkkk . Aug. 


618 Phyfico-mechanical Experiments. 


— 
Pxrumarres Aug. 26, The height of the mercury was 56. Some air having » a pier 
out, I tranſmitted the reſt into another receiver, and the mercury remain E _ 

al 52, latte 

| 4 zs ab 

Aug. 277 (60 Aug. 30 om bi 

28 dre height of it ve | 31 dre height of it wa alter 

29) C75 [Sept. 1 93 1 


Sept. 2. The height of it was 100. 
Sept. 3. The height of it was 89; ſome air having eſcaped, lich 
made me cautious to prevent the like for the future. 
Sept. 4. The height of the mercury was 100. 
5. The ſame height continued. 7922 5 
7. The ſame height ſtill continued, tho? no air eſcaped, 
9. The height of the mercury was 107. | 
10. The height of the mercury was the ſame. 
The air being tranſmitted into another receiver, the mercury reſt 
at 99. | | 
Sept. 11. The mercury moved not. 
13. The height of the mercery was 105. 
Octob. 8. I ſound that the air had got out. 
This experiment ſeems to inform us, that pears produce their air h 


fits. 7 
1 (112.9 March 16. I melted down lead, with a fire in a braſs veſſel, h 
and firſt, nel. diameter was an inch and half; but before the lead was concrete! y 
zed lead and cold, I put it into a receiver, out of which I ſuddenly exhauſted the air; 
zin coled in yyhence the figure of the lead was concave, and the parts of it the mor: 
1 8 depreſſed, nearer the center; but lead congealed in common air, exhibit 
a convex figure, except in the middle, where there is a little cavity, 
F made the ſame experiment on tin, with the ſame ſucceſs ; and i 
both metals being fluid, and very hot, had remained long in vac, yet 
no bubbles ſeemed to riſe from either; but all other hot liquors ſeem to 

| yield numerous bubbles iz vacus. | 

Galt and water (113.) Sept. 2. I put water ſaturated with ſalt iz vacuo, to try whether 
m vacuo: it would be there converted into cryſtals, and the ſalt be carried abo 


the ſuperficies of the water, as happens in the free air, Poſſeſs 

Sept. 15. The water, with the diſſolved falt, abiding in the ſame fat, ¶ ture in 

I open'd the receiver; and, as no vapours could eſcape, *tis reaſonable i . 

judge, that the ſalt could not there be converted into cryſtals. Eonden! 

The air f ( 114.) Auguſt 8. 1676. I put air produced from gooſeberries, into n a... i. 
2 717 evacuated receiver, furniſhed with a mercurial gage. t; and 


March 1. 1675. I perceived no change in the height of the mercu!)s 
and therefore, open'd the receiver. 


runes BH 4 ( 118.) Augſt 8. I took a vial, able to hold ſeven ounces, five dra 


water, and three grains of water, and exhauſted the air out of it; and wit 


4n a balance, it was ſuſpended in equilibrium, with another weight 
* pic 


Without 
Here 
Wondenf 
Bc air. 
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E pierced the bladder which cover'd the orifice, with a needle, and then the Px-vmarics 
& vial being fill'd with air, appear'd heavier by four grains and a half; which 
© Jatter weight to the former, is as 1 to 814: whence it follows, that water 
zs about at leaſt, 800 times more ponderous than air of an equal bulk. 
This day was hot and clear; and ſome air is always left in the receivers 

alter exhauſtion. Ces 1 

| (116) Jan. 16. 1677. I put Aqua fortis, with fixed nitre, into a re- Aqua fortis, 
ceiver; and having exhauſted the air as much as I could, poured one of * wre 
them on the other, and found much air produced. I marked the height ; 
of the mercury in the gage. 
* March 5. Finding the produced air was not deſtroy'd, and that the 
mercury perſiſted at the ſame height, I open'd the receiver, and found 
nitre produced in vacuo from the mixture. EE. 

(117.) May 12. 1677. I fill'd a long and very narrow-neck*d vial, Ol, water, and 
$ with oil, up to the middle of the neck, and put it into a receiver, firmly/#rit —_ 
ſtopp'd by the help of a ſcrew 3 into which I afterwards intruded air, 7 
till it ſuſtain'd 120 inches of mercury above its wonted height. The oil, 
in the neck of the vial, appear'd depreſſed about a quarter of an inch 
the cauſe whereof I judg'd to be the compreſſure of the air; but having 
eiſcd the ſcrew, and thereby ſuffer'd the air to break in, and being dilated, 
the oil did not aſcend at all; ſo that, I ſuppoſe, it was condenſed only 

y cold. 

Auguſt 5. T made the ſame experiment, after the ſame manner, uſing 
ater inſtead of oil; yet could perceive no change of the height of the 
ater in the neck of the glaſs z tho? the heat, being moderate, might have 
roduced a ſenſible effect. | 

Fan. 14. 1678. Finding, by ſome experiments, that compreſſed air 
nters into the pores of the water, and pierces even to the bottom, a ſuſpi- 
ion might ariſe, that the water was not condenſed by the compreſſed air, 
ecauſe the air entring into the pores, made the preſſure within equal to 
"that from without; I, therefore, filled the aboveſaid glaſs with ſpirit of 
ine; leaving only the length of three inches in the top of the neck there- 

df, which was filled with air only. Then applying my hands to the glaſs, 
Whe ſpirit of wine being heated, ſoon filled the, whole neck to the top. 
The glaſs being now inverted into a veſſel of mercury, I removed my 
ands, when the ſpirit of wine being ſoon cooled, ſuffer'd the mercury to 
poſſeſs three inches in height. I put the veſſel, and the glaſs, in that po- 
ſture into a receiver, and afterwards compreſs'd the air therein, till the 
mercury exceeded its wonted height go inches; yet there was no ſenſible 

ondenſation of the ſpirit of wine, nor any aſcent of the mercury : how- 
&ver, it is certain, that no air had crept in, becauſe the mercury hinder'd 
it; and the receiver being open'd, when the air, that compreſs'd from 
Without, was dilated, no bubbles appear'd in the ſpirit of wine. | 
Here it ſeems worth enquiring, how the ſpirit of wine was ſo ſenfibly 
rondenſed by a moderate cold, and not at all by a great compreſſure of 


Wc air. | 
= © © » Fs  (ar8.) 
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(118.) May 12. 1676. I poured ſpirit of wine into a glaſs veſſel, ,, 
added ſome drops of oil of turpentine thereto, which fwimming upon tie 
ſpirit of wine, began to be there whirl'd about. I put the glaſs yg, 
on the pneumatic engine, and cover'd it with a receiver; yet the bub}, 
dld not at all ceaſe to move up and down. Then I pump*d out ſome qt 
the air; when the bubbles, emerging from the ſpirit of wine, adherel 
to the drops of oil, and carried them to the ſides of the veſſel, and then 
detained them; yet two drops, free from ſuch bubbles, proceeded ty 
have a further motion. Afterwards, I wholly exhaufted the receiye; 
and ſome drops roſe to the top thereof, by the force of the bubbling hi 
rit of wine; but the remaining drops continued to be moved a lit, 
and ſoon after reſted, The air being admitted, the drops began again ty 
renew their motion, but it was flow, and quickly ceaſed. 

I repeated the experiment with ſpirit of wine, and oil of turpentir, 
purged from air; and no ebullition was then made, nor did any buy) 
appear; but the drops of the oil of turpentine were moved i vacu, 1 
in the open air. 

Hence it feems to follow, that the cauſe of the motion of the diam, 
is not owing to the diſſolution; for all diſſolutions in vacuo, have hither, 
ſeemed to me, to produce bubbles. 4's 

(119.) May 19. 1676. Yeſterday I left two radiſhes in vacuo, one of them 
hanging with the root downwards, the other in a contrary poſture ; ad 
both cut tranſverſly, reſted over a veſſel, which contain'd red wine, Thef: 
remaining for a whole night in vacuo, ſeem'd well purged of their air. C. 
pening the receiver, I added two other radiſhes to the former, cut aftr 
the ſame manner, having firſt taken off their thick ſkin. Then exhauſting 
the receiver, I immerg'd the cut part of all the radiſhes, at once, into the 
ſubjacent wine; upon which many bubbles ſeem'd to ariſe from then: 
and more bubbles proceeded from thoſe radiſhes which were purged of ar, 
for a whole night, than from thoſe which had not remained above halt an 
hour in vacuo, with their ſkins off. 

Hence bubbles ſeem to be formed of particles of air, ſwimming in wa- 
ter; and becauſe in the ſkin there are ſome canals, fit to retain parts of 
air, the peeled radiſhes afforded no opportunity for the formation of ſo 
many bubbles. $4 | 

The liquor aſcended no leſs into thoſe radiſhes which hung with their 
roots upwards, than into the others. 

(120.) May 4. 1676. I immerged one end of a ſmall open glaſs tube, 
into water ſtagnant in vacuo, and preſently the water aſcended up int 
it, as uſual in common air, and to the ſame height; but ſoon after, many 
bubbles being formed there, raiſed the water higher, and kept it ſuſpended 
in three different places, intercepted by many bubbles; and ſeveral ober 
bubbles ſeemed to paſs out from the end immerſed in water. 

Then ſealing the other end of the tube hermetically, and mak ing the el. 
periment in common air, the water aſcended not up into the tube at tne 


open end. But in vacuo, it aſcended therein, as if it had been yay 
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both ends; and many bubbles ſuddenly form'd, ſeparated the water, n 
contained in the tube, to a great diſtance, as before: in the mean time, — 
many other bubbles ſeemed inceſſantly to paſs out from the end of the 
tube immerſed, though they afterwards appeared leſs frequent. 

But the water being ſuſpended higher in the tube, ſeem'd to contain no 
bubbles, whilſt the end only emitted ſo many. 

Then I took out that end from the water, and no more bubbles appear'd, 
tho? it was wholly filled with a cylinder of water. 

May g. I repeated the experiment; but before I had immerſed the end of 
the tube in water, a drop, which ran over from the upper aperture of 
the receiver, flowed down to the open end of the tube, and penetrated into 
it to the height of two lines; and no bubble was formed there in a full 
half hour. I afterwards, plunged the end of the tube into the water of 
the veſſel, and bubbles ſoon began to be formed as before; ſome of which 
ſucceeded others within half a minute : but, afterwards, they were leſs 
| frequent. Repeating this experiment, many times, I perceived, that 

when the water was extracted from the tube, no bubbles appear'd; but if 
it were immerged in water, ſome would adhere to the end of it, either 

ſooner or later. | | 
, May6. I made the ſame experiment, with the infuſion of nephretic 
wood, with a like ſucceſs; excepting that the bubbles emerged, and pe- 
netrated the liquor, before they had acquired any conſiderable bigneſs: 
# whence we may conjecture, that this liquor is very thin, and hath no viſ- 
| cCoſity to reſiſt a pervading body. * 
May 10. I repeated the ſame experiment with ſpirit of wine, mixed with 
a certain oil, made per deliquium, but found nothing new; only the liquor 


GY 1 Fx 


ompy 
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0 
- aſcended not ſo high into the tube. | | 
; Hence the bubbles ſeem to be formed, at the extremity of the tube, of 
i aerial particles, ſwimming in the water; which finding ſome impediment 
k at that end, cannot paſs by, and ſo, new ones coming upon them, they 
* ſwell into bubbles. | 
1 (̃ 21.) July 18. 1676. Two days ago, I took ſome horſe-beans, and 8 
included them in an iron tube, cloſely ſtopped ; firſt pouring water on the 2 water in- 
o- compreſſed beans, till the tube ſeem'd wholly full; to try whether the cluded in an 


expanſive force of the beans would break the tube. This day the tube % tube. 
ſeem'd not to be altered, but, the ſtopple being looſen'd, ſome air broke 
out, and much water, which was not imbibed by the beans, fell upon the 
2 then we heard a noiſe, as it were, of bubbling water, for above 
an hour. | 

July 25. The tube remained in the ſame poſture; but now one of the 
ends of it being unſtopped, and ſome beans taken out, the murmur of the 
bubbling water was heard as before. | 

From hence it ſeems to follow, that beans contain air, which, in a 
great compreſſure, cannot eſcape 3 but breaks out, if freed from the 
compreſſing force. | : 


(122, ) 
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Pxromarres (122, ) March 4. 1677. J put a glaſs, half full of ſpirit of ſal ary, 
£ / niac, and copper filings, into a well exhauſted receiver, and ſtopyy, . 
I up: in 15 minutes, the liquor had contracted a blue colour, very much 
ropper filings diluted 3 but, the air being admitted, in three minutes the blue colour 
in vacuo. appeared vivid and thick. | put the liquor ſo tinged, again in vacy, 10 
. try whether that colour would, in time, vaniſh. 
April 4. The blue colour almoſt quite diſappear'd, but quickly returned 
upon admiſſion of the air. 
A certzinoil, (123.) May 8. I put a certain oil, made per diliguium, and ſpirit gf 
end ſpirit if wine, into an exhauſted receiver: the ſpirit always ſwam onthe top; an; 
ll in vacuo. jeſt the ſpirit ſhould bubble over the edges of the veſſel, I extracicd t 
air, by degrees; when, at firſt, great bubbles aroſe from the ſpirit, and 
but very ſmall ones from the oil; after one hour, the oil afforded |: 
bubbles, which, from being ſmall at the bottom, filPd, in their aſcent, 
the whole breadth of their veſſel: and, after another hour, ſome bulb: 
broke out with ſo great force, that they hit againſt the top of the receiver, 
May 9. I repeated the experiment in a glaſs ſomewhat long and rar. 
row, that I might the better perceive the motion of the bubbles; and! 
ſaw the bubbles paſſing out of the oil into the ſpirit of wine, without 
any great increaſe of their quantity : but being diſtant only one quarter 
of an inch from the ſuperficies, they were ſuddenly expanded. 
Aqua forti, (124. ) May 3. 1676. I mixed a quantity of Aqua fortis, with a larger 
NT A "9 ” of ſpirit of wine; then diſtributed the mixture equally into three glaſs vc. 
ana iron in va 2 : 4 
cuo, and com- Tels, and put three equal pieces of iron into them, to each veſſel one, This 
anon air. done, I included one of the three veſſels in vacuo; and there many great ebul- 
litions were made. In a quarter of an hour I took out the veſſcl, and 
found the liquor black and turbid; whilſt the other two veſſels had their 
liquor notalter*d in colour; only ſome black powder appear*d at the bottom, 
One of theſe two veſſels I put in vacuo, and there aroſe ebullitions, great 
indeed, but much leſs than the former: in one quarter of an hour, I took out 
the veſſel , and found the liquor black, yet leſs ſo than the former; but that 
which was left always in the air, remain'd, in a manner, unchanged, 

May 4. In the morning, the liquors in the two veſſels, put in vac, 
appear'd clear and green. 

But that in the open air bubbled more ſtrongly, than it did yeſterday, 
and was of a red colour. I put the three veſſels together in vacuo, and per. 
ceiv'd no remarkable ebullition, only ſome bubbles appear*d larger in 
the red liquor, than in the other two. i 4 2 5 

From hence it ſeems to follow, that ſpirit of wine accelerates ebullition 
| in vacuo. J 
Spirit of ſal- (125. ) Jan. 21. 1678. Thad a glaſs half full of ſpirit of ſal armoniic, 
armoniat and and filings of copper, the mouth whereof was ſo exactly ſtopp'd, that the 
copper filings blue colour, induced by the external air, now wholly diſappear'd. The 
pri ſtopple was made of leather, prepar'd after a particular manner. | 
: This glaſs I ſet in vacuo, with unfermented paſte, that the receiver being 


full of air, from the paſte, I might perforate the leather that Ropp's che 
| olals; 


of th 


clear 
comp 
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glaſs ; and try whether the contact of the air, generated from the paſte, nr 
would alſo communicate a colour to the liquor. ＋ 

Jan. 22. There was no need to perforate the leather; for I found the 
liquor already tinged ; whence it is probable, that air produc'd from paſte 
is endu'd with ſuch minute particles, as to penetrate leather, which is im- 

ervious to common air. | | 

Jan. 25. The liquor became almoſt colourleſs z whence it appears that 
common air is too thick to penetrate all paſſages, which are pervious to 
air, produc'd from paſte. 

Feb. 2, I put the ſame vial in vacuo, but did not cement the receiver to 
the cover; ſo that the air, gradually entring, in twenty-four hours, fill'd 
the receiver, as it was leiſurely filPd with the air produc'd from paſte ; yet 
the liquor ſtill remain'd colourleſs. . 

Feb. 15. I put the ſame glaſs again in vacuo, with ſome quantity of paſte; 
but this time, the air produc'd from thence, did not pervade the leather, 
as it had done before, and the liquor was not at all tinged. 

(126.) April 2. 1678. I put a ſhrew-mouſe into the filtrating engine; 4 /5rew-mouſe 
and when JI perceiv*d him reduc'd to extremity, I began to ſtir the pump ” an — 
that the air might be, as it were, filtred thro the water. The mouſe, a ee 
while after, ſeem'd to be better, yet not wholly reſtor'd; and having been 
long kept faſting, I am uncertain, whether he died for want of aliment, 
or of new air, 

April 1. I repeated the experiment with a ſmall weakly mouſe, that 
had been kept a long time without food. And finding the ſame ſucceſs as: 
before, I took out the mouſe before he was dead, but he recover*d not: 
ſo that more experiments are requir*d, to ſhew the effect of this filtration. 5 

(127. ) May 2. 1678. Six weeks ago, I included frog - ſpawn in three re- 79g-/2wn in 
ceivers, the firſt of which was exhauſted; the ſecond contain'd common v, N : 
air; and into the third, I intruded ſo-much air, that the mercury reſted 2 2 
ſixty inches above its uſual height, . 7 | ; 

In fiftcen days, the mercury in the evacuated receiver roſe an inch. The 
ſpawn in the common air ſeem'd corrupted, and of a blackiſh colour; but 
that in the compreſs'd air, remain'd unalter'd in colour; 'tho? no frogs. 
were generated, 

In a month's time, the ſperm in vacuo had not changed its colour, ex- 
cepting the black round ſpots ; but ſeem'd reduc'd into water: the colour 
of that in the common air was very black, but in the compreſs'd air the 
ſpawn began to be reddiſh. 


As yet, no change was perceiv'd, either in the ſpawn in vacuo, or that 


in the common air; but in the compreſs'd air it appear'd redder. 


May 22. The ſperm in vacuo was not chang'd; in the compreſs'd air it 


remain'd red; but in the common air it again became colourleſs. 


June 23. The ſperm in vacuo, and in common air was not tinged, but 
in the compreſs'd air it inclin'd to green. | 
O#tb. 15. I took the ſpawn from all the veſſels ; that kept in vacuowas 
almoſt exhaled out of its veſſel, and appear'd ſtagnant in the receiver, like 
clear water; that in the common air remain'd colourleſs; but that in the 
compreſs'd air ſtill kept its red colour. | 128,) 
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PxEUUATies (1 28.) May 9. 1678. Six days ago, I included two pieces of the ſame 

3 orange in two receivers, not quite of equal bigneſs ; in the greater, th 
ranges in re- 45 6 there 
ceivers, with Was left ſome quantity of water, ſo that the ſame ſpace remain'd for the 
and without air in that, as in the leſs. The orange included with water, tho? it were not 
water. touch'd by it, was four times more mouldy, than that kept without wa. 
ter. | 


{ame orange into two receivers, but filſ'd the third part of one of them 
with water, yet ſo, that it did not reach the orange. 
June 15. Neither of the pieces had contracted any mouldineſs. 
May 16. I repeated the experiment with the ſame ſucceſs, only neither 
orange had acquired any mouldineſs in the ſpace of more than a month, 
tho? in former experiments, all ſuch oranges grew mouldy. 
k The cauſe of the difference, ſeems to be ſome particular diſpoſition of 
the air. 
Turpentine in- (129.) June 1. 1678. I puta ſmall glaſs tube, half full of Venice tur 
__ ins pentine, into our wind-gun; and had ſcarce reduc'd the air to the tenth 
oi part of its wonted ſpace, but the leather ſpread over the elliptic valve, 
was driven out; ſo that, the air having eſcap'd, Idrew the glaſs-tube out 
of the engine, and found many bubbles formed in the ſuperficies of the 
turpentine. I therefore, ſuſpected that the air had pervaded the turpen- 
tine; and that it would have penetrated deeper into it, if they had remain' 
longer thus inclos'd together. I plac'd the ſame tube in the fame gun, 
and there left it in air reduc'd to about the fifteenth part of its natural ſpace, 
June 3. I open'd the engine, and taking out the tube, found the tur- 
pentine almoſt free from bubbles; yet by degrees, many were formed 
therein, in the parts remote from the ſuperficies. | 
June 4. I put new turpentine into the ſame tube, and included it in var, 
that it might be the better purged of air; then I pour'd the water upon it, 
and ſhut up all in the wind-gun. E 
Fune 8. I open'd the engine, and at firſt ſight, both the water and the 
turpentine in the tube, ſeem'd to be very free from bubbles; but ſoon after 
I perceiv*d, that bubbles were form'd in the turpentine, and that they al- 
cended by degrees; ſomeof them ſeem'd to be made, almoſt at the ve- 
ry bottom, about half an inch below the ſuperficies of the turpentine, 
Whence we may conjecture, that all the water, and ſo great an height of 
the turpentine, were pervaded by the air, which formed thoſe bubbles. 
Epirit of ſal- (1230.) Auguſt 11. 1678. I included ſpirit of ſal- armoniac, with a mer: 
= 1 curial gage, in vacuo; and after the ſpirit ceas'd to emit any bubbles 
2 . a 5" Imix'd copper-filings therewith, which caus'd many bubbles to riſe again 
but they were ſo far from producing any air, that they conſum'd what ws 
there before. But the liquor became greeniſh and turbid. 
Decemb. 5. The ſpirit was almoſt all exhaled out of the containing veſſeh 
and being condens'd in the receiver, remain'd ſtill turbid, by reaſon 0 
much filth, which was included there: but that which was not exhaled oi 


of the veſſel, appear'd clear like water. The mercury alſo, was wy 
| — "FF 


And therefore, in repeating this experiment, I put two pieces of the - 


: fifth 1 
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expelled out of the gage. Whence I conjecture, that the air in the recei- Pre 
— was gradually more conſumed. i | | A 
(13 1.) Sept. 2. 1 . I put two cylinders, one of tin, the other of lead, Cylinders of 
in vacuo ; their loweſt parts were immerſed in mercury; and at the ſame in and lead 
time I immerſed two other cylinders, like the former, after the ſame man- immerſed in 
ner in mercury; but theſe latter were left in the free air. mercury, ” £ 
Sept. 6. I opened the exhauſted receiver, and the mercury in the tin cy- hne 0, * 
linder was riſen 4 inches and a half above the ſuperficies of the ſtagnant 
mercury; and cutting the cylinder tranſverſly,in the middle of that height, 
the amalgam ſeem'd to have penetrated into the cylinder about half a line. 
And cutting the cylinder tranfverſly again in that part, which was diſtant 
only one inch from the ſuperficies of the ſtagnant mercury, I found the 
thickneſs of the amalgam equal to one line. 
In the lead-cylinder, the mercury roſe two inches and a half ; but only 
as far as the ſuperficies z and the very part immerſed in the mercury, was 
not penetrated by it to any ſenſible thickneſs, 
Sept. 7. I took the tin cylinder left in the air, out of the mercury, in 
which it was immerſed, and found the mercury to have aſcended to the 
height of five inches. | 
Sept. 10. The ſame cylinder being left in the mercury, ſeemed to be 
beſmeared therewith to the very top, ſix inches and more above the ſu- 
perficies of the ſtagnant mercury. When the cylinder was tranſverſly cut 
in ſeveral places, the mercury appeared to have pierced the deeper into 
the tin, the nearer it came to the ſtagnant mercury ; ſo that in the part 
adjacent to the mercury, almoſt the whole diameter of the cylinder, three 


lines broad, was penetrated thereby. 


In the lead cylinder, the mercury exceeded not the height of 3 inches 
and a half; neither had it penetrated to any ſenſible thickneſs. Whence it 


appears, that the weight of the air contributes little or nothing to the aſ- 


cent of mercury into metals. 

(132. ) Decemb. 12. 1678. I took a ſmall Whiting, and having cut off 4 2 Bining i,. 
his head, divided him tranſverſly into five pieces; the firſt whereof I in- cluded — va- 
cluded in vacuo. The ſecond in common air. The third in air ſo com- cuo, in com- 


[ preſſed, as to ſuſtain mercury 50 inches above its wonted height. Theſe 4, in air 
three receivers were cloſed with ſcrews, The fourth piece was put into a compreſi'd, in 


artificial air, 


receiver full of air, produced from paſte, which was preſently ſtopt. The and lg in the 


= fifth was left in the free air. open air, 


Decemb. 15. In the morning, that part of the whiting which was left in 


; . free air, began to ſhine; and towards evening it gave a more vivid 
ght. 


Decemb. 16. In the morning, the whiting left in the free air, ceaſed to 
ſine ; but towards evening ſhone again. 


Deremb. 17. This morning the ſame part of the whiting ſhone a little, 


vet leſs than yeſterday in the evening. 


Vor. IL 1 4 441 Decomb. 
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Preumarics Decemb, 18. In the morning there appeared no light, tho? I long fixed 
my eyes upon the receiver in a dark place; but the night coming on, the 
light appeared again. | 

Decemb. 20. Hitherto the ſame part of the whit ing left in the air conti- 
nued to ſhine but all the other parts did not yet begin to do ſo. 

- Decemb. 22. Yeſterday, the light of the whiting, left in the air, had not 

quite ceaſed ; but this day it appeared no more. | 

Decemb. 24. The part of the whiting in the free air, entirely gave 
over ſhining ; that included in common air, did yeſterday yield a tain 
light; but this day it ſhone no more. 

Decemb. 26. No more light appeared in that in the common air; but 
the three other pieces did not begin to ſhine. 

Zan. 26. 1679. I perceived no more ſhining in any one of the receiver. 

Artificial air (133.) Aug. 3. 1677. I tranſmitted air, produc'd from cherries, into: 

2 3 and receiver full of common air, but fo ſtopt with a ſcrew, that the mer- 

1 = cury aſcended to 25 inches above its uſual height. 

mitted into a Aug. 4. The mercury was depreſſed about two inches. The height of 

receiver full of x this day was only 23. 

8 Aug. 6. The height thereof was reduced to 20. 

Aug. 7. The height thereof the ſame. 
Aug. 8. The mercury was ſomewhat depreſſed. 
Aug. 10. The height of it was 19 and a half, above its ufual ſta- 
dard; and perceiving little or no alteration, I opened the receiver. 
Hence we have a confirmation, that air produced from fruits, at the 
beginning, is in part deſtroy*d ; but that the reſt can very long retain the 
is form of air. 

eee Ke 1 34.) May 26. 1676. I put fix grains of fal-armoniac into a receiver, 

Sil of witriol, With a ſufficient quantity of oil of vitriol ; then the air being exhaulted, 

in vacuo. I forced down the ſalt into the oil; whereupon a great ebullicion pre- 
ſently follow'd, and the mercury aſcended in the gage almoſt to its wonted 

height; but preſently after it ſunk again, and return'd to its former ſtate. 

May 27. I repeated the experiment, the ſalt remaining ten hours in 94- 
cuo before it was put into the oil; but the ebullition proceeded as before; 
yet the- air was produced much more ſlowly, nor could it wholly be de- 
ſtroyed in 7 or 8 hours time; yet at laſt the mercury deſcended to the 
very bottom. 

May 29. I made the ſame experiment again, leaving the materials for 
24 hours ix vacuo; the ebullition ſeemed much leſs, and the air was pro- 
duced, both in a leſs quantity, and more ſlowly than before. I obſerved 
alſo, that whilſt the materials remained in vacuo, before their mixture, 
the mercury came nearer to the open end of the gage, as if ſome air had 
been either extracted or deſtroyed. 

2 June 8. I put oil of vitriol alone into a receiver, in which I left only 

fifth — if fifth part of common air, to try whether this oil, without ſal-armoniaG, 

ranma air. Would diminiſh the elaſtic force of the air; but the force of the air v3 
increaſed, and the mercury in one hour's time ſeemed to have e 
i 


And of oil of 
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ittle into the gage; tho? afterwards for 24 hours no change happen 
ot — ſhews, that ſome artificial air may be deſtroyed; but 
why this deſtruction happens, ſometimes ſooner, ſometimes later, deſerves 
a further enquiry. | | 

(135.) Fuly 10. 1676. I put paſte, made two days before, and now 
grown ſouriſh, into a receiver, and ſtopt it firmly with a ſcrew. 

In one hour the height of the mercury was one inch. 

In ſeven hours the height of it was fix. 

July 11. The height of it was eleven. 

July 12. The height of the mercury was 24. 

Juh 13. The height thereof was 30. 
July 14. The height of the mercury was ſenſibly greater. 

July 15. The mercury aſcended a little. Meaſuring its height exactly, 
I found it 38 inches. 

Fuly 19. No more air was produced from the paſte. 

July 10. 1676. I put another quantity of the ſame paſte, much leſs 
than the former, into an exhauſted receiver. : 

Tho? the quantity of the paſte was leſs, yet in one hour's time the height 
of the mercury was two inches, | 3 f 

In ſeven hours the mercury came almoſt to the top of the gage; but it 
was a ſhort one. | 

July 19. The paſte was not able to move the receiver from its cover 
tho? at the beginning, it had produced a greater quantity of air, than the 
paſte in common air. I endeavoured to fire it with a burning-glaſs, and 
the fumes elevated therefrom, afterwards falling upon the paſte, tinged 
the ſuperficies thereof with a pleaſant yellow colour ; and that air was 
thus produced, I conjectur'd, becauſe the cover was afterwards eaſily ſe- 
vered from its receiver. 

Hence we learn, that air is ſometimes generated much more eaſily in 
vacuo, than in common air. 

(136.) Auguſt 20. 1676. I put paſte, kept for 24 hours, in a receiver 
full of common air; to which I added new air, fo that the mercury ex- 
ceeded its wonted height 4 inches and a half. ; . 

In 6 hours the mercury gain'd almoſt 4 inches, and its height was 8. 

Aug. 21. The aſcent of the mercury was 4 and 2. 

Aug. 22, The aſcent of it was about 1. 

223. The aſcent of it was half an inch. 
26, For m— whole days the aſcent of the mercury was only half 
an inch, | 
27. There was no aſcent of it at all. 
29. The paſte, taken out of the receiver, ſmelt acid. 

Auguſt 20. 1 put another quantity of the ſame paſte into an exhauſted 
receiver, and obſerved the ſame proportion between the quantity of the 
paſte, and the capacity of the veſlel, as in the former experiment. 


The mercury preſently ſeemed to have aſcended. Its height was two 
inches. L11112 | Avg. 
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The different 
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produced in 
vacuo, and in 
common air, 
ſhewn from 
paste in com- 
mom air. 


Paſte in va- 
cuo. 
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Puxvmarice Aug. 21, The aſcent of the mercury was g. 

WY 22. The aſcent of it was 3. 7 
23. The aſcent of the mercury was 1. 
26. For three whole days the aſcent of it was 2. 
27. There was no aſcent of the mercury. 
29. I took out the paſte, exhauſted of its air, from the receiver. 

This experiment farther confirms, that air is ſometimes more eaſily 
produced in vacuo, than in common air. | 


Nerd kernels (137-) Sept. 4. 1677. I put the kernels of filberds into an exhauſtel 


in vaguo. receiver. 


Sept. 5. The height of the mercury was 5 inches. 


Sept. 6 10 | Sept. 11 18 
" »({ The height ) 10 i2( The height ) 23 
8 of it was "A 13 of it was 27 

9 WL... a4 29 


Sept. 15. The height of it was almoſt the ſame. 
17. The height of it was 30. 
18. This day the air began to get out of the receiver ; for 
ſome bubbles appeared in the turpentine, which cloſed the 
juncture of the receiver and cover. 


And Ferd. (138.) Sept. 4. I put kernels of filberds into a receiver with comme: 
kernels in com- alr. 
mon air. In the afternoon the quantity of air feemed to be leſſened. 
Sept. 5. The height of the mercury was leſs than half an inch. 
6. The height of it was the ſame. 
7. The height of it was one inch. 
8. The ſame height continued. 
18. The fame height continued. 
This experiment confirms, that ſometimes air is produced much 
more eaſily in vacuo, than in common air. | 
Raifins with (139.) September 15. 1677. I included 8 ounces of raifins of the fun 
water in va. bruiſed and diluted with a little water, in an exhauſted receiver, able to 
we hold 22 ounces of that fluid. 
Sept. 16. The height of the mercury was ſix inches. 


Sept. 171 The height 115 Sept. 197 The height 12 
189 of it was 713 204 of it was 29 
Sept. 21. This day I found the receiver forced from its cover. _ 
Sept. 24. I took out ſome of the raiſins, but thoſe that remained I in- 
cloſed in the ſame ęvacuated receiver. | 
Sept. 25. The raifins forced the receiver, now full of air, from its cover. 
And rains September 15. 1677. I put 8. ounces of raiſins of the ſun, bruiſed and 
with water in diluted with a little water, into a receiver, able to hold 22 ounces of ws 
common diu. ter; but did not exhauſt the air ar all. ; 
Sept. 16. The mercury was 3 quarters of an inch above its uſual height 
Sept. 17. The height of the mercury was 1 and a half. 
18. The height of it was 3, Sept. 
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Fept. 19 _ C5] Sept. 22 ; Ii Prnowarres 
* 8 e height of it was 3 23+ The height of it BY AL 
21 15 


Permitting the air to break out, many bubbles emerged from the raiſins. 
This experiment further teaches, that air is ſometimes much more eaſily 
roduced in vacuo, than in common air. 
(140. ) February 17. 1677. I put three onions into an exhauſted receiver. Onions in va- 
Feb. 19. The height of the mercury was one inch. . cuo. 
21. The aſcent thereof was again 1. The onions were not alter'd. 
25. The whole aſcent of the mercury was 9. The onions not alter'd. 
May 4. The onions had yet ſuffered no alteration. 
18. Neither were they yet alter'd. 
June 19. I found the receiver forced from its cover, and the onions. 
rotten. 
Feb. 17. I incloſed three onions in air, ſo rarified, that it could ſuſtain Orient in ra- 
only ten inches of mercury. Ned ait. 
Feb. 19. There was no aſcent of the mercury. 
21. There was yet no aſcent thereof. The onions did not ſprout, 
but contracted a mouldineſs. 
25. The aſcent of the mercury was about 7 inches. 
The onions received no further alteration. 
May 4. The onions were not alter'd. | | 
18. The onions were not yet alter'd ; but the receiver, by the force 
of the produced air, was removed from its cover. 
Feb. 17. I put three onions in a receiver not exactly ſhut. And anions in 
21. They contracted no mouldineſs, but ſprouted. | common air. 
25, They gradually took root. 
May 4. The onions began to be mouldy. | 
This experiment makes it probable, that ſome bodies produce their air 
not much more eaſily in vacuo, than in rarified air. 5 
It hence alſo appears, that vegetation is hinder*d, not only by the eva- 
cuation, but alſo by the rarifaction of the air. | | 
It likewiſe deſerves our obſervation, that the onions, as long as their 
roots ſprouted, contracted no mouldineſs. 


(141.) Auguſt 23. 1677, I put bruiſed pears into an exhauſted receiver, Ye difference 


with a mercurial gage. betwixt whole, 
Auguſt 25. The height of the mercury was five inches. | and bruiſed 
Aug. 26 C10 Aug. 299 3 TS. 
27 The height of it vas 14 30 The height was 4283 in vacuo. 
ny 28 "13 91 28 | 


Sept. 1. The height of it was 30. 
2, The receiver was forced from the cover. 

* Auguſt 23. I put whole pears into an exhauſted receiver; the quantity 4nd whole 

of the pears, and the capacity of the receiver, being the ſame with thoſe Pers in vacuo. 

© juſt mentioned. 1 

þ Aug. 25. The height of the mercury was 11. 

*Z Aug. 
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PunmATIC? Aug. 260 The height C17 Aug. 287 The height $2 
WY I 270 of it was * . 294 of it was 730 6 Tl 
Ag. go. The mercury aſcended no higher; the receiver being for; Mi 17 
from the cover. 4 $ 
This experiment ſeems to prove, that bruiſed fruits do not produce Air F "Te. 
ſo ſoon as entire ones. : 4 8 1 
POT WE ane 142.) Auguſt 24. J encloſed whole apples i vacuo, with a mercyriy q 
in vacuo. . a 
Ang. 25. The height of the mercury was five inches. s- 5 
Aug. 26) ; 9 Aug. 29 19 at all 
27+ The height of it was 312 30e The height nad = 5: 
28 5 15 31 28 F 8 ep 
September 1. The height of it was 29. rs 
2. The height of it was 30. | Se 
3. The receiver was forced from the cover. eſcap 
And bruiſes Auguſt 24. J put an equal quantity of bruiſed apples iuto an evacuitz| Se, 
apples in va- receiver, of the ſame capacity with the former. dem 
_ Aug. 28. The height of the mercury was one inch. 97 
26. The height of it was three. Ses 
27. The height of it was four. 
Sept. 3. The mercury continued at the ſame height. | 
25. The mercury aſcended not. 1 07 
This experiment ſeems to inform us, that bruiſed fruits produce air, grape 
lower than whole ones. f : Ser 
In bruiſed (143.) Auguſt 25. 1677. 1 put unripe grapes, bruiſed, into an evacuu WS ceiver 
grapes in va- receiver. g 
et Aug. 26. The height of the mercury was one inch. | 
27. The height of it was two inches. 
28. The height of it was two and a half. | 
29. The height of the mercury was the ſame. Sep 
Sept. 15. The mercury did not aſcend, but its height remain'd at 22 Juice 
And whole Aug. 25. 1677. I put whole unripe grapes into an evacuated I Sep 
grapes in va- Ceiver. F cauſe 
* Aug. 26. The height of the mercury was three inches. them 
27. The height of the mercury was five. Seh. 
Aug. 28) The height 1 7 Aug. 4 height by adher 
29 was C10 31 Was 13 unto a 
Sept. 1. The height of the mercury was 15. air fro 


2. The height of it was 16. 
3. The height of it was 18. 
4. The height of it was the ſame. 1 
Sept. 5. The height of the mercury continued the ſame ; but almoſt i 
the grapes had contracted a yellow colour. 
Sept. 7. The mercury reſted at the ſame height; and all the grape 
were yellow. 
Sept. 15. The height of the mercury was 20. 


This 
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This experiment ſhews, that whole fruits produce air more readily than Pinar ic, 
E bruis'd. * . . 
44.) Sept. 10. 1677. I put two ounces of grapes, not bruis'd, into a 47 e 

E receiver able to hold ten ounces of water, | grapes. 

© Sept. 11. The height of the mercury was ſix inches: 


Sept. 12 9 | Sept. 15 : 20 
13> The height was 312 16> The height was 328 


3 I 4 I5 17 | 28 
* Sept. 18. The height of the mercury was thirty. The grapes were not 

at all alter'd. 

Sept. 19. The height of the mercury was the ſame. 

| Sept. 20. The receiver was not yet forced from the cover. The grapes 

vere not alter'd, but appear'd only a little riper. | 

Sept. 21. The receiver was forced from the cover, though nothing had 

eſcap'd. 

| Sept. 22, Inthe morning the grapes began to rot ; I therefore included 

them again ia vacuo. 

Seht. 23. The height of the mercury was five inches. 


Sept. 24 | 9 | Sept. 27 20 
25 > The height was 314 29 | The height was 327 
26 17 30 28 


* 07%. 10. The receiver was not forced from the cover, till to-day : the. 
grapes, by their colour, ſeem'd rotten, yet kept their firmneſs. 
Sep. 10. 1677. I included two ounces of ripe, bruis'd grapes in a re- Aud Bruin 


i WF Þ ceiver capable of holding ten ounces of water. grapes, 
Sept. 11 4 Sept. 15) 15 
12 (The height of the) 7 16 (The height) 18 
13 (mercury was 10 17 (of it was 20 
14 12 18 25 


Sept. 19. The grapes had ſever'd the receiver from the cover, and much 

, 8+ juice was ſpilt. . 

. Sept. 20. I again put the ſame grapes into the ſame receiver; but, be- 
cauſe they had ſpilt their juice by ebullition, I did not exhauſt all the air: 
the mercury reſted at the height of five inches. 

Sept. 21. In the morning, the receiver, being now full of air, no longer 
adher'd to the cover; ſo that I took out the grapes, and tranſmitted them 
into another receiver, which I ſtopt cloſe with a ſcrew, but extracted no 
air from it. 

Sept. 22. The height of the mercury was eleven inches; tho? the recei- 
ver was able to hold twenty- ſix ounces of water. 

Sept. 23. The height of the mercury was 19. 

1 24. The height of it was the ſame. 
by 30. The height of it was 20. 

= O2ob. 3. When the grapes produced no more air, I took them out, and 

found them of a bitter taſte 3 being not yet perfectly ripe. ES 


Thy 
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Paxumarics This experiment, compared with that before related, of unripe gra 
| ſeems to intimate, that unripe grapes produce leſs leſs air when they 8 
bruis'd, than when whole; but that ripe grapes do the contrary. 
And in (145. ) Nev. 19. 1678. 1 put apples into three evacuated receivers, 1, 
age 1 the firſt was a ſound apple; in the ſecond an apple bruis'd, and laid loop 
_ in the open veſſel; in the third was alſo a bruis'd apple: and the cove; 
of this ſo fitted the included veſſel, that it ſtraitly compreſsd the part af 
the apple; but inexhauſting the receiver, the air, form*d between the Parts 
of the apple, expell'd all the juice. 
Nev. 21. In the firſt receiver, the height of the mercury was 5 inches; 
in the ſecond, three; in the third, none. 
Nov. 23. In the firſt receiver, the height of the mercury was ſeven; in 
the two others there was no change. 
Decemb. 7. In the firſt receiver, the height of the mercury was eleven, 
There was no alteration in the other two. | 
Fan. 23. The firſt receiver was now ſever'd from its cover, by the force 
of the air produced a-new. In the two others there was no air gene- 
rated. 


May 20. 1679. The third receiver was forced from its cover ; but the 
ſecond had produced no air. 

This experiment informs us, that bruis'd fruits produce lefs air in v. 
cuo, than ſound ones; contrary to what happens in common air. The 
reaſon whereof may, perhaps, be this, that fruits bruis'd are very much 
rarify'd in vacuo; whence the ſeveral principles, of which they con, 
cannot act upon one another: but unbruis'd fruits, by reaſon of the en. 
tireneſs of their ambient ſkin, ſuffer leſs ra rifaction. 

That air is (146.) July 12. 1678. I put roſes into 2 receivers, to be ſtopt with ſcrews. 
fometimes un- One of them contain*d common air uncompreſs'd; but I intruded ſo much air 
t to produce into the other, as ſuſtain'd the mercury 6o inches above its wonted height. 


Idineſs, , 
> Aug. 2. The roſes in the common air, were four days ago turn'd yellow, 


in common and as if they had been wither'd; but thoſe in the compreſs'd air, kept their — 
compreſi d air. colour very well. | # ken 
Feb. to. 1679. Thoſe in the compreſſed air, retain'd their freſh colo. ſul 
This experiment, compar*d with that made laſt year with roſes, informs Wu _/ 
us, that the air, at different times, is differently affected; ſo that ſome- uu” 
times it hath a power to hinder corruption, and ſometimes to promote i. wit! 
And by tulis (147.) May 22. Fifteen days ago, I included two equal quantitics of Ge 
and lark.ſpurs. flowers, in two receivers: into one of them, I thruſt ſo much air as ſuſtan- ( 
ed the mercury ſixty inches above its wonted height; but in the other, | of 1 
left common air uncompreſs'd. The flowers were tulips and Jark-ſpurs. * 
Since that time, no mouldineſs appeared, except, only, that ten days and 
ago, one half of the tulip, in the common air, being cut aſunder, ſcem- ſide 
ed ſomewhat mouldy; and now the other half of the ſame tulip in com. whi 
preſs'd air, ſeen!'d alfo a little mouldy. | W the 
Some of the flowers ſeemed as freſh as when firſt put in; eſpecially af 


Fae in the common air; but in the compreſs'd air, they ſeem'd * 
— Y 
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June 22. No more mouldineſs appear d 3 whenee we have it confirm'd, Auer es 
that the air is, ſometimes, unſit to produce mouldineſs; ſince laſt year, all 77, 53,42 + 
this kind of flowers, contracted a great mouldinels. | weight made 


148.) Sept. 4. 1678, I expoſed one dram of minium, in an open glaſs, by the ſun's 
to = ſ —— — — a burning: glaſs ; and found that it oſt . 4 
2 grain of its weight, though much of the minium had not been touch'd e, bewn 
by the rays. v hi oy expoſing 

(149.) Sept. 6. I took calcined coral, and endeavour'd to calcine it fur- _ ae. roving 
ther, by the rays of the ſun, in a ſealed glaſs 3 and the whiteneſs of the %% 
calx was ſome what increaſed hereby. Calcir'd coral 

Sept. 10. I expoſed the fame coral again to the ſun-beams, in the ſame ed one. 
glaſs hermetically ſealed, for two whole hours; and then weighing the 
elaſs, found it had loft about ++ part of a grain, ſince it was friſt ſealed. 

(150.) May 23. J put calx of tin in a light glaſs vial, hermetically feal- — 2 nk 
ed, and weigh'd it exactly afterwards I expoſed it to the beams of the ſun 2, -/,,,,. 
for a long time, by the help of a large lens; then the glaſs, being again 

weigh'd, ſeemed to have loſt 2, part of a grain of its weight. 

May 29. I repeated the experiment with minium, inſtead of calx of tin, 
and the loſs of weight came to 4 part of a grain. „ 

May 30. I endeavour'd to calcine the ſame minium again, but ſuch 
plenty of air was produced, that the glaſs broke, with a great noiſe, into 
an hundred pieces. 

June 6. I made the ſame experiment again with minium; and then 25 
part of a grain was wanting of the weight. | 

Attempting again to burn minium, the glaſs alſo broke. 

July 15. I uſed wood-coals for the ſame experiment, but the ſun did 
not at all affect them. 145020 

July 20. I expoſed Sulphur vivum, to the beams of the ſun, in the ſame 
manner; and tho' it was ea ſily melted, and emitted many fumes, yet I 
found no change at all in the weight. 

Aug. 1.1 kept the ſame vial till, with the flower of ſulphur; and often 
expoſed ĩt to the fire of the burning-glaſs, without danger of being bro- 
ken; becauſe ſulphur produces no air; the fumes roſe, and at firſt, the 
ſulphur bubbled : but the weight remain'd the ſame. E 


(151. ) Nev. 6. A piece of roaſted rabbet, being exactly cloſtd up, in an Bodies preſer- 


. 


exhauſted receiver, was to months, and ſome few days after, taken out ved chiefly in 


; : | „ and 
. appearing to be corrupted, or ſenſibly alter d, in colour, take; ar op foe rae 
a | ed rabbet 
(152.) March 11. A ſmall glaſs receiver, being half fill'd with pieces Bread 
of white bread, was exhauſted, and ſecured. | 


April 1. The receiver being open'd, part of the bread wasitaken out, 


: and appear*d not to have been impair'd in that time; only the out- 


hide, of ſome pieces of crumb, ſeem'd to be a very little leſs ſoft and 
white, than before. There appear'd no drops, or the leaft dew, on 
=> inſide of the glaſs. The remaining bread was, again, ſecured ſoon 
after. 


Vol. II. M m m m April 
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V nge tt time; the cruſt being alſo ſoft, 
on the inſide of the glaſs. | 
_ (153.) March 9. I open'd a ſmall exhauſted, and ſecured receiy,, 
wherein about three months ago, we had included ſome milk, which waz 
well-colour'd, and turn'd partly, into a kind of whey, and partly into 
a kind of ſoft curd. The taſte was not offenſive, only a little ſouriſh, lil 

whey, nor the ſcent fetid, but ſomewhat like that of ſouriſh milk, 
(154.) March g. Violet-leaves, put up, freed and ſecured from air, h. 
ing open'd, April 7. appear'd not to have chang'd their ſhape, coloy 
or conſiſtence, but their odour could not be well judg'd of; becauſe de 
who included them, had cruſh*'d many of them together, in thruſti 
them down; ſince by ſuch a violation of their texture, 'tis natural for 
violets to loſe their fragrancy, and acquire an earthy ſmell. 
(155.) Having carefully placed ſome violets in an exhauſted receiver, gf 
a convenient ſize and bigneſs, and ſecur'd it from immediate commeree 
with the external air; after ſeven months, we looked upon them again, 
and found they were not putrefied, or reſolved into any mucilaginousſib. 
ſtance, but kept their ſhape entire; ſome of them retaining their colour, 
but more of them having ſo loſt it, as to look like white violets. 
(156.) Nev. 5. We convey'd into a conveniently ſhaped receiver, ſom: 
ounces of ſheep's blood, taken from the animal, kill'd that afternoon. 
After the exhauſtion of the air, during which, numerous bubbles were ge. 
nerated, that made the liquor ſwell conſiderably; the included blood wa; 
kept in a warm place for twenty days; and during one or two of the firſt, 
the blood ſeemed to continue fluid, and of a florid colour; but afterwards 
degenerated into one, that tended more to blackneſs. 
Nov. 25. We let in the external air; and the glaſs, containing the blood, 
being held in a light place, the greateſt part of the bottom of it ſeen'd 
to be thinly overlaid with a coagulated ſubſtance, of a higher colour than 
what ſwam above it; which though it appear'd dark, and almoſt blackiſh 
in the glaſs, whilſt view'd in the bulk, yet, if it was ſhook, thoſe parts 
of it that fell down along the inſide of the glaſs, appear'd of a deep fir 
colour. But, whilſt the blood continu'd in the glaſs, it was ſuppos d not 
to ſtink; ſince even when it was pour'd out, tho? its ſcent ſeem'd, to me 
| ſomewhat offenſive, yet to others, it ſeem'd to ſmell like the blood of a 
dog, newly kilPd. 5 3c] 057 
(157. ) March 17. Some cream being put up, and ſecur'd in an exhauſted 
receiver, appear'd a year after, to be more thick, and almoſt like butter, 
at the top, than in other parts ; and afterwards, by being well ſhaken 


and no drops of water appearing 


Mia. 


Ficlets. 


Shrep's bleed. 


Cream. 


together in the glaſs, it was eaſily enough reduced to butter, whoſe vut 
ter: milk, by the judgment of thoſe who were more uſed thereto than , ap- 
pear*d not different from ordinary butter- milk; and, I found it had, like 
that, a grateful ſourneſs. The butter was judg'd to be a little foure! 


than ordinary, but was not, as they ſpeak, made. 
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188.) Feb. 18. We look'd upon three vials, that had been exhauſted, ande » 

2 * 15. laſt; the one 1 theſe had in it ſome ſlices of roaſted beef, ND Pg 
| the other ſome ſhivers of white bread, and the laſt ſome thin pieces of 
cheeſe ; all which, ſeem'd to be free from putrefaction, and look'd, 
much, as when they were firſt put in; we therefore, let not the air into 
the receiver, but left them, as they were, to prolong the experiment. 
| (159.) Feb. 18. There was a fourth vial, wherein, about ſix months be- Flower-. 
fore, had been inclos'd, and ſecured ſome ag and a roſe; yet, 
theſe being kept in the ſame place with the reſt, tho? they ſeem'd a little 
© moiſt, retain'd their ſhape and colour, eſpecially the roſe, which look*d, 
as if it had been lately gather'd. We obſerv'd, in none of theſe four re- 
ceivers any great drops, or ſo much as dew in the parts ſituated above the 
included matter. | 
( 60.) June 4. We left ſome ſtrawberries in an exhauſted receiver, and gtraw-berrics. 

coming to look upon them after the beginning of November, we found 

them to be diſcolour'd, but not alter'd in ſhape, nor mouldy ; we there- 

fore, left them till in the receiver for further trial. 

(161.) May 2. 1669. A piece of roaſt beef, ſecur'd September 15. laſt, Cheeſe, &c. 
appear'd to be not at all alterꝰd; no more did a piece of cheeſe, ſecured in 
another receiver, and ſome pieces of a French roll, ſecured on the ſame 
| day, in a third. 
* Flowers, ſeal'd up Auguſt 12. 1668, being this day look'd upon, ap- 

pear'd freſh, ; 
162.) June 17. A pintof ſmall beer, being put into a conveniently Se beer. 
# ſhaped glaſs, afterwards exhauſted, and ſecured from the air; the moſt 
part of Auguſt proving extraordinarily hot; towards the latter end, there 
was, at ſeveral times, great thunder, which turn'd the beer in our cellar, 

and in moſt of thoſe of the neighbourhood, ſour. Sept. 1. The beer was 


| open'd but did not ſeem to be ſour. | 

n | (163.) To try, whether the thunder would have ſuch an effect upon ale, 4. 

h exactly ſtopt in glaſs veſſels, as it often has on it in ordinary caſks ; I caus'd - 

65 ſome ale, moderately ſtrong, to be put into a conveniently ſhaped receiver, 

ir and having exhauſted the air, and ſecur'd the glaſs veſſel, twas put into a 

ot quiet, but not a cool place. About ſix weeks after the liquor had been in- 

e clos'd, there happen'd ſome very loud thunder, and our beer upon this, 

'A tho the caſk was kept ina good cellar, being generally noted to have been 
turn'd ſour, I ſtay'd yet a day or two longer, that the operation upon our 

ed included liquor might be the more certain and manifeſt ; and then taking 

er, out the ale, found it good, and not at all ſour'd. 

ca WWE (164.) Some black - berries, included in an exhauſted receiver, Sept. 2 1. Black-berrics. 

ut- {WT 1670. were open'd June 20. 1673. and found free from all mouldineſs, and 

v- ill ſcent ; only there was ſome ſour liquor, which being taken out, the 

like berries were ſecured again. At the ſame time, another parcel of the 

urer Wi lame berries was exactly clos'd up in a receiver, whence the air was not 


C pump'd ; but coming, Ob. 11. 1673. to look upon the glaſs, we found 
rt crack*d, and the fruit all cover'd with a thick mould. Nor was this the 
15) Wi | Mm m m 2 only 
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rs only veſſel, wherein trials made to preſerve fruits without any exhayg;, 
of the air, miſcarried, P31 fit Dol 10 1 | ts + 


Ofiob. 11. 1674. The former berries in vacuo, being look'd upon, appeap, = 

much leſs black than before; but did not ſeem putrefy*d, either by 19,7 me 

ſhape, or by any ſtinking ſmell; norwas-the leaſt mouldineſs obſery'y hn. = 08 

on them, tho* they had been kept in the ſamereceiver for above four year; cd 

mn ! (165.) June 14. We put a convenient quantity of ale into a bolt-he;z E | 
and ſral'd it up hermetically, ; the next year, July 5. we broke off the ſea, = the 


and found the liquor very good, and without any ſenſible ſourneſs. Jh 
next day, it was ſeal'd upagain, and: ſet by for thirteen months, when the 
neck of the glaſs being broken, the ale was found four. We ſee bop. 
ever, that a ſmall quantity of ale was preſerv'd good, at leaſt, above 
year; which is much longer than that liquor uſually keeps. 
Claret. (166.) June 14. 1670. In a large bolt-head, we hermetically ſeal'd ups. 
; bove a pint of French claret, which when we came to look upon 7 5.1611, 
appeared very clear and high colour'd, and had depoſited a large ſediment 
at the bottom of the glaſs, but faſten'd no tartar, that we could percejye 
to the ſides. Upon breaking the ſeal'd end of the glaſs, we thought there 
was an eruption of included air, or ſteams; and high above the ſurface of 
the wine, there appear'd a certain white ſmoke, almoſt like a miſt, and 
then gradually vaniſh'd : the wine continu'd well taſted, and was a litt 
rough upon the tongue, but not at all ſour. 
The bolt-head was ſeal'd up again 7uly 6. 1671. and ſet by, till A 
5. 1672. at which time it was open'd again, and the wine ſtill taſted yery 
wells i : 
Fune 26. 1673. The bolt head, with the ſame claret, being oper'd, mis 
found very good, and ſeal'd up again. Octob. 11. 1674. the ſame wine was 
open'd again, and appear'd of a good colour; it was not ſour, but ſcem'd 
ſomewhat leſs ſpirituous, than other good claret; perhaps, becauſcof tte 
cold weather. 


Bodies preſer- (167.) Ang. 3. 1678. 1 included two apricocks in two receivers, one df 
2 which was exactly fill'd with bruis'd raiſins of the ſun, and with water; 
* firt apri- but in the other, there were only lodg*d a few raiſins, ſo that the apricock 


cocks with rai- was not touch'd by them, or their moiſture. 


ſins and water. Sept. 10. J took out the apricock, inclos'd with the water; and whilſt 0 
the air broke out, the fruit bubbled very much: the raiſins had loſt, almoſt 
all their taſte, but the apricocks. preſerv'd a pleaſant reliſh ; and ſcemd Wh "2 
more pleaſant than ſuch fruit uſually is at that ſeaſon of the year. 3 


Feb. 10. 1678. The apricock, inclos'd without water, kept its colour WE In 
and figure, only ſeem'd to have loſt its firmneſs. | 
This experiment informs us, that the taſte of ſome fruits may be pte: 


ſerv'd in an infuſion of raifins of the ſun; at leaſt in veſſels able to refit a : - 

great compreſſure of the air. | $ = 

Peaches in an; (168.) Sept. 17. 1678. I included peaches, with an inſuſion of raiſins I (1 
* _ grain two receivers, ſhut with a ſcrew. rece 
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expell'd ſome part of the liquor. The other receiver retain'd its liquor, 
Sept. 25. The receiver, out of which the liquor was expell'd, loſt ſome 

more of it; ſo that a fifth, or ſixth part, now ſeem*d empty: but, ſet- 

ting the ſcrew, the liquor was then preſerv'd. The other receiver remain- 


ed unalter'd. a ; | 
Sept. 26. The ſame receiver began again ta leak, and run over: I ſet 


the ſcrew. again. | 

Nov. 27. Our receiver, hitherto, ſeem'd to be exactly ſhut ; but now 
I open'd.it.z. and, whilſt the air was getting, out, the peaches bubbled very 
much: one of them, which was of that ſort whereto the ſtone uſually ad- 
heres, preſerv'd its firmneſs, and a pleaſant taſte ; but the other, being, 
of the ycllow-colour'd kind,. was very ſoit. ; yet the taſte. thereof ſeem'd 
to be more pleaſant than of the other. The liquor was very grateful. 

Decemb. 28. The other receiver ſeem'd unalter'd:;. but, when I open'd 
it, innumerable bubbles immerg'd. from the liquor, and from the peach. 
The peach, on one ſide, had preſerv'd its firmneſs; on the other, it had 
loſt it : but the whole was grateful.to the palate,, tho” ſomewhat ſharp. 

This experiment ſeems to teach, that liquors. may grow ſour, though no 
ſpirits have evaporated from them. | 


(169.) September 20. J included peaches, with. unripe grapes, in two p,,...,:z 
receivers, and fill'd them exactly; the one with apples bruiſed to the con · graper, apple, 
ſiſtence of a pultice; and the other, with an infuſion of raiſins of the ſun, 4nd an infu- 

Sept. 25. The receiver fill'd. with. pulp of apples, hitherto ſeem'd un-Hen & r4i/ins. 


alter d; but, in the other, the air, which was generated, had thruſt out 
half of the contain'd liquor, and impelPd the mercury into the gage, to 
the height of 100 inches; wherefore, I open'd the receiver, and the peach, 
whilſt the air got out, was almoſt reduced to the conſiſtence of a pultice: 
the taſte of it was pleaſant. 

I put another peach into the ſame receiver, and ſubſtituted a ne infu- 
ſion of raiſins of the ſun, inſtead of that which was loſt. 

Sept. 26. The mercury roſe to 30 inches above its uſual height. 

27. The height of the mercury was 72. 
28. The height of it was 90. The liquor work'd out. 
30. The ſame height remain'd ; but the liquor was all eſcaped. 

October 1. All the. air had, alſo, eſcaped ; wherefore, opening the. 
receiver, I found the peaches very ſoft, but of a pleaſant taſte. 

Octob. 3. The receiver, filled with the pulp of apples, had loſt no- 
thing; but now I perceiv*d, that almoſt all the juice of the apples had 
run out: I open'd the receiver, and found its contents very much fer- 
mented. The peach was very ſoft, but not unpleaſant in taſte. 

This experiment infocms us, that fruits cannot be long kept in pulp of 
apples, becauſe of the great production of air; tho? that happens a little 
later in the intuſion of raiſins. . 


(170.) Sept. 23. 1678. I included peaches, with crude grapes, in two Peaches with 
receivers; one of which was exactly fill'd with pulp of apples, the other 8742e7,and 1he 
with unripe grapes, bruiſed, | | Octob. Pulp & appler, 


Sept. 21. Too great a quantity of air produced in one of the receivers, Purun nie, 
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Pxzumartics Ob, 1. The receiver, fill'd with pulp of apples, ſeem'd to have ſuf. 
fer'd no alteration ; but the other was empty of liquor: this, therefore 
I open'd, and found one of the peaches to have retain'd its firmneſs and 
taſte ; but the other had loſt its firmneſs, yet retained a grateful taſte, 

Feb. 5. 1679. The receiver, containing the pulp of apples, ſeem'd un. 
alter'd: I open'd it, and the great ebullition which roſe thereupon, mani. 
feſted, that a great compreſſion of the air was made. The pulp of apple, 
and the peach, retain'd a grateful taſte, but ſomewhat more pungent than 
ordinary. | 

222 ſhews, that juice of crude grapes cannot, convenient. 
ly, be uſed for the preſervation of fruits, by reaſon of the too great pro- 
duction of air. 

1 (171. ) Sept. 25. 1678. I included two pears, called butter- pears, in | 
cluded with receiver exactly fill'd with pulp of apples. 
rhe pulp of ap- Sept. 28, I perceiv*d no alteration in the height of the mercury. 
_ Ofob. 5. The mercury was now riſen 15 inches. 

6. The height of the mercury was above 16. 

12. The mercury was not changed. 

20. Three days ago, the mercury was depreſſed, though nothing 

had eſcaped. 

Ofob. 26. This day the receiver was crack'd; though I did not find 
that the air was compreſſed within it; but, perhaps, the ſcrew was ſet 
too high. The pulp of the apples was of a very grateful taſte ; ſo were 
the pears, tho? ſoft, and one of them inclin*d to rottenneſs. 

Perhaps, the crack in the receiver, was the cauſe of ſo little air being 
produced in this experiment. 

n ( 172.) Octob. 1. 1678. I incloſed peaches in two receivers; one of which 
cleſed with the was fill'd with pulp of apples, and the other, with unripe grapes, bruiſed. 
Pulp of apples, OFob. 5. Much air was produced in the ſecond receiver, and fome of 
8 the juice ran out. The height of the mercury was 64 inches. 

Oct. 6. The juice continu'd to run out: the height of the mercury was 70. 

Octob. 8. Now the juice ſeemed to be all run out of the receiver; and 
the height of the mercury was 86. 

Octob. 12. The mercury remain'd at 86. 

18. The receiver, emptied of its juice, held the air very well; 
and the mercury in it reſted at 86. The other receiver, fill'd with pulp of 
apples, had, for theſe five laſt days, ſuffer*d ſome juice to flow out. 

Decemb. 4. I open'd the receiver, fill'd with pulp of apples; n 9 
all the juice was gone, yet it ſtill retain'd the air, very much compreii*d; 
and many bubbles broke out, not without noiſe, after the receiver was quite 
open'd. The peach was very ſoft, and of a pungent taſte, like to that 
of ſtrong wine. 

Fan. 22. 1679. After the effuſion of the juice in the other receiver, the 
mercury reſted at the ſame height. I open'd the receiver; the peaches e- 
mitted many bubbles, and were wrinkled, but their colour was little 
changed: their taſte was moſt pungent, and inclining to acid. Th 
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This experiment confirms the concluſions drawn from the former, 
(173.) Ooh. 4. 1678. I put peaches into three receivers; the firſt of 
which was filled with ale; the ſecond, with hopp'd beer; the third, with 


wine. 
O#F0b. 5. The height of the mercury in the firſt receiver, was 15; in 


the ſecond, 103 in the third, 9. 
O#0b. 6. The height of it, in the firſt receiver, was 25; in the ſecond, 
15 ; in the third, 20. . 
Octob. 8. The height of the mercury, in the firſt receiver, was 353 in 
the ſecond, 15; in the third, 20. 
Odctob. 12. The height in the firſt receiver, was 63; in the ſecond, 15; 
in the third, 28. 
15. The height of the mercury, in the firſt receiver, was 8 1; in 
in the ſecond, 15; in the third, 30. 
16. There was no more change perceived in any of the three re- 
ceivers. 
18. The mercury rather deſcended, than aſcended, in all the three. 
22. In the wine, only, the mercury aſcended, or deſcended, ac- 
cording to the degrees of heat and cold. | 
24. The height of the mercury, in the firſt receiver, was 96; in 
| the ſecond, 15 3 in the third, 30. 
zo. The height, in the firſt receiver, was 115 3 in the ſecond,, 
20; in the third, 30. 
Nav. 3. The height, in the firſt receiver, was 117 ; in the ſecond, 20; 
in the third, 3o. 
6. The height, in the firſt receiver, was 120; in the ſecond, 3 13 
in the third, 3r. 
11. The height of the mercury, in the firſt receiver, was 105 
| in the ſecond, 31 ; in the third, 28. The weather was cold. 
Nov. 16. The height of the mercury was the ſame. The peach, which 
hitherto lay at the bottom, now mounted to the upper part of the liquor, 
in the ſecond receiver; the reſt ſtaid at the bottom. 
New. 25. The height, in the firſt receiver, was 140 inches; in the ſe- 
cond, 47; in the third, 32. 
Nev. 28, The height, in the firſt receiver, was 96; in the ſecond, 36; 
in the third, 28. It was very cold weather. | 
Decemb. 13. The height, in the firſt receiver, was 963 in the ſecond, 


# 473 in the third, 33. I open'd the third receiver, and found the peach 


firm, and of a laudable colour; but it had contracted much of its taſte 


from the wine, and might yet be improved by ſugar. The wine, alſo;was 


grateful to the palate. 

Decemb. 30. The height of the mercury, in the firſt receiver, was 96 
inches; in the ſecond 47. I open'd the firſt receiver; when the peaches, 
which had lain, till then, at the bottom of the liquor, preſently emerged 
to the upper part, and emitted many bubbles: the taſte of the ale, of which 


they had greatly partook, became pleaſant, with ſugar, Hence 
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pures Fence fermented liquors may be uſeful for the preſervation of fruits, a; 


being unfit to produce air. e 

(174.) Sept. 5. 1678. I included one whole peach, with another cn 
to pieces, in a receiver; into which, I afterwards poured old wine, til! i 
was exactly filPd, and then ſhut it with a ſcrew. _— 

Nev. 20. Nothing, hitherto, ſeem'd to be alter*d 3 but, this day, I py. 
ceiv*d fome of the wine run out. 

Nov. 30. A third part of the wine was loſt. 

Decemb. 8. The wine beginning again to run out, and there being hy; 
little of it left, 1 open'd the receiver, and found the peaches very much 
fermented, yet of a grateful, but moſt pungent taſte. The wine, lj, 
was pleaſant. r 

From this experiment, compared with the third receiver, in the former, 
we may conjecture, that wine hinders the fermentation of peaches, if u{ 
in a ſufficient quantity; but here the quantity was not ſufficient, because 
the pieces of the cut peach filPd the whole receiver, ſo that no room v 
left for the wine, but in the interſtices. 


Raw beef in- 
cluded with 


ſtale beer, and of Which was exactly filled with ſtale beer, forcibly intruded 3 ſo that th! 


common air. 


(175.) OFeb. 11. 1678. I put two unripe peaches, one whole, the other 
cut to pieces, into a receiver filled with hopp'd and fermented beer. 
OZteb. 12. In one night's time, the mercury aſcended three inches. 
15. The height of the mercury was 15. 
16. The height of it was 15. 
18. The height of it was 12. It was very cold. 
20. The height of it remained at 12. 
22. The mercury aſcended again. The cold abated. 
Now, 2. The height of the mercury was 20. 
| 3. The mercury aſcended a little. It was cold weather. 
6. The height of the mercury was 28. The weather grew hotter. 
8. The height of it was 33. | 
11. The height of the mercury was 40. 
12, The height remained at 40. Some of the beer worked out. 
16, The height of it was 46. ! 
19. The height of it was 43. But much of the beer was loft. 
21. The mercury aſcended not, but the beer continued to work 
out. | | 
22. When the beer was almoſt all work'd out, I open'd the rect: 
ver, and found the peaches very ſoft, yet of a grateſul 
taſte; tho? they were kept for nine hours in the free air, a 
ter the receiver was opened. | 
From this experiment, compared with the ſecond receiver, we may . 
fer, that beer hinders the fermentation of peaches, and the production d 
air, if uſed in a ſufficient-quantity : but here there was only a little bett, 
contained in the interſtices, which was unable to hinder the fermentation ® 
the peaches. 


(176.) O20. 19. 1678. I included raw beef in three receivers; the firl 


mer 
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mercury exceeded its wonted height by ſixty inches. The ſecond was alſo P*rzvmarres 
exactly fill'd with ſtale beer, but here there was no compreſſure made. 
The third was fill'd, partly with the beef, and partly with common air. 

Oclob. 20. In the Erſt receiver, the mercury was depreſs'd to twenty 
inches below its uſual height; tho? nothing at all had eſcaped out. In 
the ſecond, alſo, it deſcended 3 but in the third, it aſcended a little. 

Oflob. 26. In the firſt receiver, the mercury ſometimes aſcended, and 
then deſcended very irregularly 3 in the ſecond, it began to aſcend ſlow- 
ly, two days ago; in the third, it was not mov'd at all. 

Octob. 27. A piece of the ſame beef, which was left in the air, began to 
ſmell ill; and the mercury in the third receiver, began to aſcend ; in the 
ſecond, it continu'd to aſcend gradually; but in the firſt, it ſeemed ra- 
ther to deſcend. 

Nov. 3. The mercury in the firſt receiver aſcended not ; in the ſecond, 
the height of it was twenty inches; in the third, ten. 

Nov. 5. I open'd all the receivers, and the two firſt had no offenſive 
ſmell, only contracted a ſcent from the beer. The fleſh boil'd in the ſame 
beer was very tender, but its taſte was bitter ; perhaps, by reaſon of the 
too great quantity of beer. The beef included with common air, preſently 
ſmelt fetid, upon being open'd ; yet, when taken out, and applied to the 
noſe, it ſcarce ſeem'd to ſtink. I included the ſame fleſh in the ſame re- 
ceiver, to try whether new air being admitted, would promote carruption. 
Nov. 6. The height of the mercury was 3 inches. 
| 11. The height of it wang. 
25. The height of it was 20. 

I open'd the receiver, and found the fleſh fo fetid, that I was forced to 
throw it away. | | 

From hence it ſeems to follow, that beer may help to preſerve fleſh, 
eſpecially if it be forcibly intruded into the receiver; but this compreſſure 
is ſoon abated, becauſe the air, compreſſed in the ſame receiver, is apt to 
. enter into, and gradually pervade the pores of the beer. 5 

47%.) Nov. 12. I included beef, preſs d together as cloſe as I was able, B. / included 
in three receivers: into the firſt of them I pour'd water, mix'd with one with /a/r-wa- 


wk fortieth part of falt, which fill'd up all the interſtices, left betwixt the parts #”, and com · 
of the fleſh; the ſecond, in like manner, contain d ſome ſalt · water; but 
it was fo forcibly intruded, that the mercury in the gage aſcended fifteen 


inches 22 — ge 2 ; 2 the third receiver, I pour'd no wa- 
ter, and therefore thoſe few interſtices, which could not F 
* the fleſh, were left for the air. N * An "my 
Nov. 13. The mercury deſcended in all the receivers, eſpecially in the 
ſecond, wherein was the compreſs'd liquor. Wh 

Nev. 18. The two receivers, which were uncompreſſed, did not drive 
= the depreſs d mercury upward ; but that, whoſe mercury had been im- 
pell'd to fifteen inches, and afterwards had deſcended moſt, now return'd 
| almoſt to its former height. A piece of the ſame beef, being left in the air, 

began to ſmell ill. 


Ol, II, Nnnn Nov, 
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PxzumaTics, Noy, 23. In all three receivers, air was produced a-new 3 but to. q 


Oiſters with 
their ſhells, 
and without, 
included in 
falt-water, 
common air, 
and in vacuo. 


the mercury, in the ſecond, deſcended three inches, and the height of > 
was twenty; in the other two, *twas about ſixteen, I open'd the firſt pe. 
ceiver, and the fleſh was not at all corrupted. | 

Nov, 30. I took that fleſh out of the receiver, which was put in with. 
out ſalt, and it did not ſtink at all; but, being boil'd, was very tender 
and of a pleaſant taſte. | | f 

December 6. I open'd the receiver, into which I had forcibly introduces 
ſalt- water. The mercury exceeded its wonted height by twenty-five inches 
The fleſh ſmelt ſtrong, yet did not ſtink : that in vacuo yielded many bub. 
bles, which ceas'd not, till a pretty while after the receiver, in which: 
was included, was taken from the pneumatic engine; then the mercury, n 
one hour's time, came to the height of three or four inches. I, afterwards, 
immers'd the ſame receiver ſo exhauſted, in hot water; and the liquor, 
contain'd therein, bubbled very much, tho* the water, from which it 
borrow'd all its height, did not boil; but fo great a quantity of air was pu- 
duced, or had enter'd from without, that the receiver was quickly ful 
The liquor, contain'd therein, did not afterwards bubble or boil, tho it 
were immerg'd in boiling water. I took out the fleſh, and found it pl 
fant and tender, yet leſs ſo, than I expected; perhaps, becauſe it wy 
not boiPd enough. 
: — water, as well as beer, may conduce to the preſervation of 

eſh. | | | 

(178.) Nov. 29. 1678. I inclos'd oiſters in four receivers: in the firſt 
the oiſters were without their ſhells, and exactly filPd the whole ſpace; in 
the ſecond, the oiſters, with their ſhe]ls, were included with common air; 
in the third, the oiſters alſo were included in their ſhells ; the remaining 
ſpace of the receiver, being exactly filPd with ſalt- water. Theſe three 
veſſels were firmly clos'd with ſcrews. The fourth receiver was exhauſted 
of air, and contain'd three oiſters in their -ſhells, and eight taken out of 
their ſhells. When the air was pump'd out of this receiver, the oiſters 
freed from their ſhells, emitted many large bubbles; but the three others 
ſuffered no ſenfible change, only one of them gaped. 

Nov. 30. In the three receivers, ſtopt with ſcrews, air ſeem'd to be con- 


ſumed, rather than produced; but the mercury in vacuo aſcended a 


little. A 05 BL ib: al My X59 
- Decemb. 4. Whilſt the weather was cold, the mercury aſcended not; 
now, when the cold began to abate, the height of it in the firſt rece!- 
ver was ſeven inches; in the ſecond, none; in the third, three; and in 
the fourth, three. | 

Decemb. 5. The height of the mercury in the firſt receiver was twenty 
inches; in the ſecond, one; in the third, three; in the fourth, five. 

Decemb. 7. The height of the mercury: in the firſt receiver was thitt 

inches; in the ſecond, one; in the third, three; in the fourth, eigal, 
Other oiſters, left at the ſame time in the air, ſmelt ill. 

Decemb. 9. In the firſt receiver, the height was thirty; in the fourth. 
eleven. The reſt were not chang'd. Deren. 


fo 
th 
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Decemb. 13. There was no change in the three firſt receivers but in the 1 


fourth, the height was fourteen inches. 8 | 
Decemb. 20. In the firſt receiver, the height was 46; in the fourth, 24; 
the reſt were not chang'd. 11 
Decemb. 2 1. In the firſt receiver, the height was 32; in the fourth, 25; 
in the reſt, no change. 3 8 
Decemb. 22. The height of the mercury, in the firſt receiver, was 60; 
in the fourth, 27; no change in the reſt. e 8 
Decemb. 27. In the fourth receiver, the height was 29 3 the reſt were 
not chang'd. . Be | 
Fan. 1. 1679. The oiſters in the third receiver, had ting'd the water 
| | | = | 
Fan. 25. The mercury in vacuo ſeem'd ſtill to remain, almoſt, at the 
ſame height. But this day, ſome bubbles were form'd in the turpentine, 
by the internal air, about the juncture of the cover with the receiver. I. 
therefore, open'd the receiver, and found the oiſters very fetid. I, like- 
wiſe, open'd the other receivers, and found the oiſters of an ill ſcent, and 
turn'd to a kind of viſcid gelly. hes | | 
This experiment ſeems to inform us, that fiſh produce leſs air than eh; 
yet will be corrupted, tho' defended againſt the air. 


(179.) Nov. 29. 1678. exactly fill'd a glaſs veſſel, with freſh and un- Batter inclu- 
ſalted butter; then ſtopt it with a ſcrew. A mercurial gage was included 44 in 4 recei- 


in the ſame veſſel. 

Nov. 30. In the night, the cold being very ſharp, the butter was con- 
dens'd; for the mercury approach'd nearer to the aperture of its gage. 

Decemb. 2. The mercury came ſtill nearer to the aperture of its gage; 
perhaps, becauſe the cold daily increas'd. 

Decemb. 5. The cold being abated, the mercury return'd almoſt to its 
former height. 
, +2; of the ſame butter, being left in the air, begap to havea very bad 

mell. | 

Decemb. 7. The cold returning, the mercury, again, came to the top of 
its gage. The butter left in the air, ſmelt worſe than before, tho? it was 
ſtil] edible. | 

Decemb. 24. The butter had produced no air; being taken out of the 
receiver, it was of a grateful taſte, except, only, a little of the ſuperficies, 
which lay contiguous to the leather ſpread over the cover. | 


It follows, that butter may be kept a great while, if it be defended 
from the external air. | 


Vere 


(180.) Nev. 30. 1678. I fill'd two receivers with whitings ; and that Whitings and 


no air might be left in the vacant ſpaces, into the one I pour d wine; and %,, nd tobi 


into the other, oiſters, with their juice; ſo that both receivers were exactly % _— 


ers, included 


fill'd. When I had afterwards clos'd their covers with ſcrews, the air, in in receivers. 


the mercurial gages was compreſs'd ; but in three hours ſpace the mercury 


again return'd to its former mark. 


Decemb. 2. The cold increaſing, the mercury came nearer to the aperture 


ol its gage in both receivers. Nnnn 2 Decemb. 
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Przvnarics Decemb, 4. The cold ceaſing, the mercury aſcended very much in that 


Beef with 


receiver wherein the oiſters were ; but in the other, it moved nor. 

Decemb 5. In the receiver, containing the oiſters, the height of the mer. 
cury was twenty inches; but, in the other, it was not yet return'd to its 
uſual height. | 

Decemb. 7. In the receiver with oiſters, the height of the mercury v 
40; in the other, it continued ſtill below its ſtandard. 

E 28 9. The mercury, in both receivers, was changed little or 1g. 
thing. 

Decemb. 20. When the mercury alter*d no more, I open'd the receive, 
and both of them were very fetid. It here ſeem'd new to me, that there. 
ceiver, in which the wine was, had admitted of corruption, without pro. 
ducing air; for, hitherto, all bodies, whilſt they were corrupting, had 
produced ſome. | 


(181.) Decemb. 3. 1678. I put raw beef into two large receivers, with 


ſpice, included pepper and cloves; and that no air might be left in the interſtices, I poyr. 


in receiver,. 


Lats, with 
beef and ale, 
included in a 
receiver. 


ed beer upon them; and, inno long time after, found the preſſure of the 
air in the receivers to be abated ; the mercury in the gages, coming to the 
open ends. | | 

Decemb. 8. The mercury aſcended not in either of the receivers, ! 
open'd the one, that I might boil the fleſh ; which had contracted a ſweet 
ſcent from the cloves; and the liquor, contained in the ſame receiver, be- 
fore it was boil'd, ſmell'd like hippocras. 

Fan. 2. 1679. 1open'd the other receiver, and found no air produced 
therein: the fleſh was not at all corrupted ; and, when I boil'd it in va, 
I obſery*d, that if a more intenſe fire were made, the air, or ſome ſpirits, 
broke thro? the ſtop-cock, which was faſten'd to the top of the receiver, 
The receiver being cool'd all the night, was, the day aber, found almoſt 


quite empty of air. The fleſh was very tender, and well-taſted, only it 


was a little over-boil'd ; for it had been kept on the fire full ſix hours. 
Hence we have a confirmation, that beer may be uſeful to preſerie 
fleſh, eſpecially if the bitter taſte thereof be corrected by aromatics. 
(18 2.) Decemb. 4. 1678. I included two larks, with ſome beef, inare- 
ceiver, and fill'd all the ſpaces, unpoſſeſs'd by the fleſh, with ale; at the 
ſame time, I filled another receiver, with the ſame ſort of beef, adding 
beer alſo, bur no larks. ; | 
Decemb. g. Some pieces cut off from the larks, and expoſed to the al, 
began to ſmell ill; but thoſe included in the receiver, had produced little 
air; for the mercury was not yet come five inches above its wonted height: 
In the other receiver it was not moved. 
Decemb. 19. In the receiver, which contained the larks, the mercur} 
aſcended no higher; for the cover being broken, ſuffer'd the liquor to ru 
out. Wherefore, I open'd the receiver, and boil'd both the beef and tie 
larks, which were not at all corrupted, but very grateful to the palate 


The beet had contracted à pleaſant taſte; partly from the larks, and part- 
ly from the beer. 


Decens. 
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ſeemed pleaſant; yet not ſo pleaſant as that which received a veniſon-like 


taſte from the larks. 
Hence birds may be long preſerved by the help of beer or ale. 


(183.) December 14. L included apples in four receivers; in the firſt was 4pples inclu- 
a whole apple, and all the interſtices were filled with powdered ſugar; in oy * 


the ſecond was an apple cut in pieces, and the ſpaces filled with ſugar, as 
before; in the third was alſo an apple cut; but the reſt of the receiver 
was filled with water, where with a tenth part of ſugar had been mixed ; 
in the fourth the apple was alſo cut, and the ſpaces filled with a ſolution. 
of one part ſugar, and five of water. 

December 21. In the firſt receiver the mercury began to aſcend a little, 
yet the ſugar did not diſſolve; in the ſecond receiver all the ſugar was 
melted, and the pieces of apple were ſhrivel'd; they produced much air 
when firſt put into the receiver. In the two other receivers the _— 
began alſo to aſcend z but in the third the pieces of apple were very muc 
corrupted, their ſkin being taken off. | 

December 22. Air was produced in all the receivers; but the quantities 
did not bear the ſame proportion amongſt themſelves as the quantities of 
the ſugar 3 for in the ſecond receiver much air was produced; but in the 
fourth the mercury aſcended leſs than in the third. Some air was alſo ge- 
nerated in the firſt, 

December 27. In the three firſt receivers the height of the mercury 
was ten inches; but in the fourth only fix. 

December 31. In the firſt and ſecond receiver the height of the mercury 
was 13; in the third 15; in the fourth only 9. 

January 2. 1679. In the firſt and ſecond receiver the height of the mer- 
cury was almoſt 14; in the third 17; in the fourth 11. 

Zan. 7. In the ſecond the height of the mercury was 16; in the third: 
36; in the fourth 15 ; but in the firſt the mercury had not aſcended, and 
ſomething had eſcaped out of the receiver ; I therefore eaſed the ſcrew, 
that I might diſpoſe it the better, and then the air made an eſcape. 

Zan. 9. In the firſt receiver the height was fix inches; in the ſecond 
16; in the third 39; in the fourth 15. 

Jan. 17. In the firſt receiver the height was 133 in the ſecond 19; in 
the third 56 ; in the fourth 17. | 

Jan. 30. In the third receiver the height of the mercury was 76 inches, 
and the liquor got out; I therefore opened it, and found the fruit to have 
loſt much of its taſte ; but the water had contracted it, and was pleaſant 
to the palate. In the ſecond receiver the mercury aſcended no more. I 
opened this alſo, and found the fruit much more pleaſant than the other 
yet much of its taſte was imparted to the ſugar, which was turned into a 
very good ſyrup. 

February 16. The height of the mercury, in the firſt receiver, was 22 
inches; but in the fourth 33. This I opened, and found the fruit to 1 
loſt. 


645 
December 23. I opened the other receiver, and the fleſh being boiled, P*zvmarrce 
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Px+vmaTics loſt much of its taſte; and that the ambient water had got it, and Was 
thereby turned into a pleaſant drink, 
February 27. In the firlt receiver the height of the mercury was ,, 
inches. | 
March 15. In the firſt receiver the height of the mercury was not chan. 
ged; but now ſomething eſcaped out ot the receiver; I opened it, and 
found the apple of a laudable colour; but the pulp was ſpongy, aud 
had Joſt much of its taſte. 
This experiment ſeems to teach, that ſugar is not ſo fit to preſery, 
fruits as fermented liquors, 
- — (184.) Decemb. 23. 1 filled a glaſs veſſel with milk, then ſtopt it wit 
ws a a ferew; and into another receiver I put a lark with milk, and ſtop, 
it cloſe. | 
December 24. This evening J perceived that the caſeous part was ſe 
parated from the butyrous in the cloſed receivers, as well as in the milk, 
which at the ſame time I left expoſed to the air. 
December 27. I found no air produced in the receiver which held the 
lark ; but in the other the mercurial gage was ſpoiled. 
December 31. The mercury aſcended in that receiver which contained 
the lark ; but the milk lett in the air, at the ſame time that I ſtopt the 
receivers, ſtunk three days ago. 


Fan. 1. In the receiver which held the lark, the height of the mercury 


was ten inches. 


Fan. 2. The height of the mercury was 142. The milk ſtagnant be. 
low the butyrous part, appeared cf a red colour. | 

Fan. 4. The height of the mercury was 19. Some white ſediment was 
concreted at the bottom of the milk. 

Zan. 29. The height of the mercury was 29 inches. 

Fan. 25. I opened both receivers; the lark ſmelt only ſtrong, tho it 
had been kept 32 days; when boiled, it was of a pleaſant taſte. In the 
other receiver, the caſeous part of the milk was ſub- acid, and grateful; 
but the butyrous part was not ſour at all. 

This experiment informs us, that ſometimes milk may be ſucceſslully 
uſed to preſerve fleſh. 

A lark inelu- (185.) December 24. 1678. J put a lark into a ſmall receiver, and 
ded in a recet- poured butter upon it, melted over a ſlow fire, till all the interſtices were 
ver with bu exactly filled; then I cloſed the cover with a ſcrew. | 
; Decemb. 27. The mercury approached nearer to the aperture of is 
gage. The butter ſeemed to be altered; for the loweſt part of it was yel- 
lower, and the middle whiter than before. The upper part was fluid. 

Fan. 5. 1679. The mercury returned by degrees to its wonted height. 

Fan. 9. The mercury was ſomewhat higher. 

Jan. 28, The mercury was little changed. I opened the receiver, and 
found that part of the butter, contiguous to the leather, ſpread over the 
cover, to be white, and of a very unpleaſant taſte. The butter, more 
remote from the leather, was yellow, and ſomething fetid, tho? edible. = 

2 


"KF att. 
ed 5 


4 
| 
4 


the firſt alſo it began to aſcend 3; but in the ſecond not at all. 


beef was ſeaſon'd with pepper and cloves; in the ſecond, it was encom- 
# paſſed with ſalt - water; in the third, I put neither ſalt nor ſpice, falt-water au 
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the lark being roaſted, was grateful to the palate, tho? it had been kept PrzuMATICE 
34 days. This experiment ſeems to ſhew, that hot melted butter is not | 
very ſucceſsfully uſed to preſerve fleſh. : 8 
(186.) Fan. 4. 1679. I included boiled fleſh in an exhauſted receiver, p,i1-2 feſb in 
ſtopt with a ſcrew; and filled the interſtices exactly with broth of the vacuo. 
ſame fleſh, which ſeemed a little too ſalt, Whilſt I ſet the ſcrew, all things 
in the receiver were compreſſed ; and the mercury aſcended to the height 
of ſix inches into the gage; but it ſoon returned to its wonted height. 
Jan. 28, The air was gradually more conſumed, ſo that the mercury 
now deſcended 8 inches below its uſual ſtandard. I opened the receiver, 
and found the fleſh very ſweet and tender. The broth alſo had an acidiſh, 
but a very grateful taſte. 
This experiment ſhews, that boiled fleſh may be long preſerved good; 
which is a great convenience at ſea, where perhaps there might be no oc- 
caſion for ſalt meat. For after raw fleſh hath been included in ſcrew'd 
veſſels, as long as experience ſhews there is no danger of its corrupting, 
it may be taken out, and being perfectly boiled, be again included in the 
fame receivers; and ſo, doubtleſs, it may be kept for a great while with- 
gut ſalt. 
(187.) Jan. 30. 1679. I put raw fleſh into two receivers; to the firſt Raw fob in- 
I added pepper and cloves; in the ſecond I mixed nothing. cluded, with 


February 11. The height of the mercury in the firſt receiver was three 1 
inches; in the ſecond below 1 . : 
Feb. 12. The height of the mercury in the firſt receiver was 4+; in 


the ſecond not above 14. _ 
Feb. 13. In the firſt receiver the height of the mercury was above ſix 
inches; in the ſecond, three. I boiled the fleſh of the firſt receiver, and 


it was very pleaſant and tender. 


Feb. 14. The height of the mercury, in the ſecond receiver, was 5. 

Feb. 19. The height of the mercury, in the ſecond receiver, was 8. 

Feb. 20. The height of the mercury, in the ſecond receiver, was 11. 
J boiled the fleſh, and found it very tender, tho? it remained over the fire 
in Balneo Marie, only for 3 quarters of an hour. I put ſome part of this 
fleſh, before it was boiled, into a receiver, and filled all the vacuities, as 
exactly as I could, with the ſame fleſh, to try how long the fleſh might be 
preſerved when the air was thus excluded. | 

Feb. 28. The mercury aſcended very little. 

March 20. The height of the mercury was about 16 inches. I opened 


| the receiver, and the fleſh ſeemed of a pleaſant taſte, yet inclining to 
corruption. 


(188.) Feb. 10. I put raw beef into three receivers; in the firſt, the Raw beef in- 
cluded with 


ſpice, with 


Feb. 19. Four days ago the mercury aſcended in the third receiver; in Spar- 


Feb, 
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Pxzunarict Feb, 21. In the firſt receiver, the height of the mercury was four inches 
and a half; in the third, ten ; but in the ſecond there was no aſcent at 
all. | 

Feb. 25. The height of the mercury in the firſt receiver was 6, h 
the third, 19; in the ſecond, half an inch. 

Feb. 26. This night there was no aſcent of the mercury in any of the je. 
ceivers. I opened the third, and the fleſh, after boiling, was very good, 

By the former experiment, ſpices ſeem to hinder the production gf 
air; but the preſent experiment proves the contrary. Whence this con- 
trariety ſhould proceed, I know not; unleſs perhaps, becauſe I had leſt 
a ſpace large enough for the air in theſe receivers; but in the former tex. 
periment, filled all as exactly as I could with fleſh, 

March g. The height of the mercury in the firſt receiver was 8 inche, 
in the ſecond, none. 

March 12. The height of the mercury in the firſt receiver was 12; 
in the ſecond, one. 

April 3. The height of the mercury in the firſt receiver was 11; 
but in the ſecond it exceeded not 1. I opened the receiver, and boiling 
the fleſh, found it very tender, and of an excellent taſte. 

Hence the ſaltneſs of water, included with fleſh, ſeems to hinder the 
production of air; but there being ſo ſmall a quantity of water, compi. 
red with the quantity of fleſh, I rather incline to think, that leſs air vas 
produced in the ſecond receiver, becauſe it was more exactly filled, And 
indeed, freſh water being uſed inſtead of ſalt, has the ſame effect; but the 
chief art to preſerve fleſh without ſalt, conſiſts in excluding all air from it, 
and making a great compreſſure in the receiver. 

Theſe experiments about the preſervation of aliment, may be very uſe- 
ful in tranſporting fruits, veniſon, &c. from remote places, and towards 
affording better nouriſhment to mariners. | 

Boiling and (189.) Decemb. 12. 1678. I put two ounces and fix drams of beef into 
06s tn an exhauſted receiver, able to hold 22 ounces of water; then I left it in 
vacuo; and boiling water for 3 hours; which done, I expoſed it to the air, to cool 
firft, beef toil- for a whole night; afterwards uſing my pneumatic engine, I perceived 
- oft * er- that the air formed in the receiver, could ſcarce ſuſtain 3 inches of mercu- 
, ty; whence fleſh in boiling, cannot form air enough to make an entite 
preſſure in a receiver, capable of holding a double weight of water that 
1s, if you include one pound of fleſh* in an exhauſted receiver, able to 
hold two pounds of water, it will not generate air enough to remove the 
cover from the receiver, unleſs heat greatly contribute to produce the el 

fect; but our fleſh, I confeſs, was not boiled enough. 

(190.) Decemb. 23. I incloſed 3 ounces of raw beef in a receiver able to 
hold 32 ounces of water; and in boiling, after it had been long on tht 
fire, the cover was forced from the receiver, and ſo ſuffered the vapour 
to paſs out; but being preſently ſhut again, and the fire removed, the 
receiver ſoon loſt its internal preſſure ; ſo that being re-plac'd on the fire, | 


was a long time before it could force away the cover a ſecond time. = 
2 * 
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this again, and again; and unleſs the receiver had been expos'd to a Przvmomic 
very ſtrong fire, the cover would never have been removed ; but if the 
fire burns well, ſweet exhalations continually paſs out. i 

Decemb. 24. The receiver having been cool'd, during the whole night, 
was, this day, by the uſe of the pneumatic engine, almoſt wholly evacua- _ 
ted. Whence we ſeem to have a confirmation, that the divulſion of the co- 
ver is not made by that air which can keep the form of air, but from the 
ſteams exhaling from the fleſh, and ſubſiding again therein; provided they 
be kept in, as they eaſily may, if we uſe not too fierce a fire to the evacua- 
ted receiver, whereby the loſs of thoſe ſweet vapours may be prevented. 

(191.) Jan. 21. 1679. I put paſte without leaven into an exhauſted p,, 3% in 
receiver, and included another part of the ſame paſte in a ſecond receiver vacuo, and in 
full of common air. I inclos'd theſe two receivers in Balneo Marie, ſtopt common air. 
with a ſcrew 3 and when they had rema in'd there for three hours, expoſed 
to a moderate fire, I opened the receivers: the paſte in vacuo I found red- 
diſh on the ſuperficies; but the other had admitted water; and the paſte 
was not boiled enough: and therefore, I put both receivers again in Bal- 
neo Marie, where they ſtaid a whole night. 

Jan. 22. This morning I found the Balneum Mariæ quite cold; and the 
paſte, when taken out, was boiPd enough, but covered with no cruſt. 

That which J included ix vacuo, was interſperſed with many cavities, but 
it ſeemed too inſipid; the other had no cavities, but a more pleaſant taſte. 
Both the receivers were found almoſt wholly empty'd of air. 

(192.) Feb. 3. 1679. I incloſed leavened paſte in vacuo, and as ſoon as , gate 
it had filled its receiver with factitious air, tranſmitted it into the receiver; boiled in Bal- 
I uſed to boil fleſh in Balneo Mariæ; but when the paſte was thus remov'd, neo Mariz, 
it pitch d much; yet when it had remained for three hours in a hot Bal. % i bad 


l OT telded its air 
neum Marie, the bread made of it was interſperſed with many cavities, but in vacuo. 


covered with no cruſt. 


Feb. 5. I repeated. the experiment, but now the paſte was included in 
vacuo, in the ſame receiver, which was afterwards put in Balneo Mariæ; and 
therefore, there was no need to remove the paſte, and expoſe it to the air. 
Hence the bread made thereof was much lighter than the former. | 
(193.) Feb. 12. 1 included roſemary, with water, in the diſtilling veſ. Ry/emary and 
ſel ; and when the air was pump'd out, I put the veſſel in balneo Arenæ, waler diftilled 
and there came over a water of a very ſweet ſmell, and ſome drops of ef- . 
ſential oil of a very ſweet ſcent, and not empyreumatical. But when I 
opened the ſtop-cock to let in the air, the noiſe ſo ſoon ceaſed, that I 
judged much air was produced from the roſemary. 
Feb. 13. I put the ſame roſemary into the ſame evacuated veſſel, and 


* adminiſtred a more intenſe fire, yet could extract no oil, ſweet, or fetid ; 


and the water was leſs fragrant than the former. 
(194.) Feb. 10. 1679. I boil'd one pound of fleſh in vacuo, in a veſſel Ease boiled in 
deſcrib'd, which would contain almoſt four pounds of water: its upper vacuo. 
part, which was made of glaſs, held the mercurial gage ; by the help 
whereof, I perceiv'd, that the mercury aſcended not three inches, tho? 
You, II. Oooo the 
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PxzvmAT1cs the fleſh had boiled for three hours, and more. It was not boiled enough 
| and its taſte was ungrateful : the liquor, form'd of the condens'd vapoyr, 
had alſo an unpleaſant taſte. | ; 
Feb. 11. I repeated the experiment, but now ſprinkled the fleſh wit} 
pepper and cloves: the mercury aſcended to the height of ſix inches, thy 
the fleſh boil'd no longer than the other: it ſeemed very grateful to the pa- 
late: and the liquor, formed from the vapours, had a molt pungent taſte 
of pepper; but contracted. nothing ungrateful from the fleſh, as in the 
former experiment. | 
From theſe experiments made in vacuo, it ſeems, that ſuch veſſels my 
be very uſeful for diſtilling, and boiling of ſuch bodies, as contain thin 
and very volatile ſpirits : for every thing will here be preſerved, and ng. 
N thing be ſuffer*d to fly away. 
Boiling in (195. ) Jan. 29. Eight days ago, I filled a ſcrew. veſſel, with beef and 
Gee edel, water together; and when it had continued over a moderate fire for cigh 
mY . or nine hours ia Balneo Marie, ſtopt alſo with a ſcrew, I took the fleſh out; 
and water boil. but it was boiled a great deal too much, and the taſte of it was very un. 
ed in Balnco pleaſant. I boiled other beef in the ſame veſſel, after the ſame manner; 
Mariæ. only this was ſeaſoned with pepper and cloves, and remained expoſed io 
the fire but for three hours. This fleſh preſerved a moſt pleaſant taſte, | 
boiled other fleſh without ſpices for three hours, in the ſame veſſel, and 
after the ſame manner : when the fleſh was takenout, it taſted well ; whence 
I conjectur'd, that what ſpoiled the firſt fleſh, was over-boiling : yet the 
ſpices may be convenient to correct ſome-part of the ungrateful taſte; for 
left a place to condenſe the vapours, in the top of the veſſel, and found, 
that the liquor there formed, had an unpleaſant taſte ; but not ſo when the 
fleſh was ſeaſon'd with pepper and cloves. | 
Apples boiled (196.) Jan. 29. I boiPd apples, after the ſame manner as [I did the 
in a ſcrew- fleſh before-mention'd ; but mix'd no water with them. They were ſet 
veſſel. upon a moderate fire for almoſt two hours. They were very ſoft, and of 
; a very good taſte ; but ſome pieces, which lay in the upper part of the te- 


ceiver, where the vapours aſcending from the lower part condenſed, were 


of an unpleaſant taſte ; and the drops, form'd from the fame vapours, had 
an ungrateful ſcent. . 
Fleſp ſeaſined (197. ) February 4. 1 incloſed fleſh with pepper and cloves, in a recei- 
with ſpice, ver ſtopt with a ſcrew, but uſed no water to fill up the interſtices; only 
TT ve } compreſſed the fleſh as much as I could, and then put the receiver in Bal. 
nes Marie, already hot, and ſtopt it with a ſcrew: when it had remained 
there, over a moderate fire, for an hour, the fleſh was rather over - boil- 
ed, than under; but when I opened the Balneum Marie, all the water 
burſt out of it with a great force ; the liquor being hot, and now find- 
ing vent. 


Feb. 5. I incloſed ſome part of this fleſh in a receiver, ſtopt with 2 


ſcrew. 


March 12. The fleſh included five weeks ago, was, this day, found very 
good. I do not doubt, but that perfect boiling contributed ſomething i 
1 


8 


on a moderate fire: then the veſſels being unſtopt, we found the fleſh ex- 
E cellently well boiled, and the bones fo ſoft, that they might be eaſily cut 
with a knife, and eaten. | 


the fire for two hours only; when the veſſel being cool'd and open'd, it 

vas found of a very good taſte; and its bones were ſo ſoft, that they 

| Ce to the preſſure of the finger; and the head of it might be eaten 
=! 


x of gelly. 
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its preſervation: for find, by experiments made upon other bodies, that P** vm a71ce 
boiling, the more perfect it is, hinders fermentation the more. 0 


(198.) Febrnary 10. J boiPd a cow-heel, after the ſame manner as I had  coro-hee! 
done the fieffr above-rmention'd ; bur left it, for four hours, or more, up- % 4 7% the 
"ny were ten- 
er. 


Feb. 12. I repeated the experiment, and let the veſſels remain expoſed 


| to the fire for twelve hours; and the the water of the Balneum Marie 


every where ſecured the veſſel immerſed in it, yet the fleſh had contracted 


a very empyreumatical taſte and ſmell ; but the juice, which, in the for- 


mer experiment, concreted into a very firm gelly, did not here congeal 
at all. | | : 
Hence it appears, that many bones, and hard tendons, which we daily 
throw away as unprofitable, may, by the help of a Balneum Mariæ, ſtopt 
with a ſcrew, be converted into good nouriſhment. | 
(199.,) February 10. I boil'd a fiſh after the ſame manner, in a ſcrew'd 4.#/5 bold in 


$ Balncum Marie, but mixed no water therewith. The fiſh remain'd upon 4 ce Ba 


I neum Mariz. 


ke its fleſh. The juice of it, in a ſhort time, concreted into a gelly of 
a hard conſiſtence. | 

This method is uſeful for boiling ſuch fiſh as are very bony. | 

(200.) February 15. I put hart's-horn into a receiver, to be ſtopt with Harth born 
a ſcrew, and filled the interſtices with water; I included the receiver, Si, dt. 


thus ſtopt, in a ſcrew'd Balneum Marie, and ſo expoſed it for four hours 


to a moderate fire: the veſſels being open'd, the hart's-horn was foun 


ſoſt, and the juice ſoon concreted into a very firm gelly. | 


Feb. 17. I repeated the experiment, but no water was included with 
the hart's- horn, and the fire laſted: ſix hours under the Balneum Maric; 
aſter this, the hart's-horn was found very ſoft ;. but a little juice had ſweat 
cout of it, and adhered to the external parts of the hart's-horn, like drops 


1 
- 


: 


he excellenoy of ſuch a Balneum Mariæ appears from this experiment ; - 


for ſince even hart's-horn' can be boil'd by means thereof, without water, 


all the freſh water, uſually conſumed in boiling fleſh at ſea - 
| ſerved for other uſes. , = nr 


The objections 


againſi the 
air's ſpring 
examined. 


(632) 


D E FEN GCE 


OF THE 
Phyſ:co-Mechanical Experiments, 
AGAINST 
: F E 4 
The Objections of FRANc. Linus; his Hypotheſi a 
examined, and his Anſwers to particular Exper: N 
ments conſider'd. c 
4 CC 
: m_ " 1 
UR author confeſſes, that the air hath both a ſpring and weight; : 
but denies that ſpring to be great enough to perform what Ia. 0 
ſcribe thereto ; and, particularly, labours to prove it unable, ina fe 
cloſe place, to ſuſtain the mercury in the Torricellian experiment. For, a 
ſays he, if a tube, only twenty inches long, be not entirely fd with _ 
quick: ſilver, but a ſmall ſpace be left betwixt it, and the finger that ti 
<* cloſes the upper end, with nothing but air there; and the tube be open- tr 
< ed at the bottom, the finger will not only be drawn downwards, but Wk B. 
ce the quick-filver will deſcend conſiderably ; that is, as far as ſo ſma!la WW ; 
<« parcel of air can be ſtretch'd by the deſcending weight; and therefore, 40 
& if, inſtead of air, any other liquor, not ſo eaſily extended, be here uſed, 4e 
the quick- ſilver will not fall: but if the external air cannot ſuſtan 20 n 4 
„inches of mercury, how ſhould it ſupport. 29 +? But to this argu- cc 
ment, he has himſelf furniſhed us with an anſwer in theſe words. * But, cc 
« you'll ſay that the mercury deſcends, becauſe tis impelled downwards, 66 
& by the air dilating itſelf by its own ſpring.” Which I think ſufficient 66 
for the objection, notwithſtanding the two exceptions he makes to it. it. 
For, firſt, when he ſays, that then ** the finger ought rather to be repelld 
e from, than fix'd to the tube, ſince the expanſion is made every way 3” be an 


conſiders not, that tho? the included air extends itſelf at firſt, every wa) 
yet the expanſion, in our caſe, muſt neceſſarily be made downward; beca 
the finger that ſtops the tube, being expoſed on the upper parts, and the 


ſides, to the external air, has the whole weight and preſſure of the 22 
| p 
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pon it; and conſequently, cannot be thruſt away, but by a force, PxEUMATICS 
L that — hilt on the lower ſide of the included air, * 
there is the weight of the whole mercurical cylinder to a ſſiſt the ſpring of 
the air to ſurmount the weight of the atmoſphere, that gravitates upon the 
ſtagnant mercury. So that the air included, endeavouring to expand itſelf, 
finding no reſiſtance upwards, and a conſiderable one downward, it isvery 
natural, that it ſhould expand itſelf that way, where it finds the leaſt .re- 
ſiſtance ; as will happen, till the ſpring of the air be ſo far weaken'd by 
expanſion, that its preſſure, together with the weight of the mercury, that 
remains ſuſpended, will but balance the preſſure of the outward air upon 
the ſtagnant mercury. And, if inſtead of quick-filver, you employ water, 
and leave, as before, in the tube, an inch of air, and then inverting it, open | 
it under water, the included inch of air will not dilate itſelf near half fo | 
far, as it did when the tube was almoſt fill'd with mercury; becauſe, the 
weight of ſo ſhort a cylinder of water does but equal that of between an 
inch and an inch and half of quick-filver ; and conſequently the internal 
air is far leſs aſſiſted to dilate itſelf, and ſurmount the preſſure of the out- | 
ward, by the cylinder of water, than by that of mercury. un 8 | 
As for what our author fays, that, if inſtead of air, or water, ſome * 
* other liquor be left at the top of the tube, the quick · ſilver will not de- 5 
« ſcend ;** we can readily ſolve that phenomenon, ſince water has either ? 
no ſpring at all, or but an exceeding weak one; and ſo ſcarce preſſes, but 
by its weight, which, in ſo ſhort a cylinder, is inconſiderablee. 
Hence we ſee, why the finger is ſo ſtrongly faſten'd to the upper orifice 
of the tube it ſtops: for the included air, being ſo far dilated, that an inch, 
for example, left at firſt, in the upper part, reaches twice or thrice as far, 
as before the deſcent of the quick-ſilver,, its ſpring muſt be proportio- | 
nably weaken'd ; and conſequently, that part of the finger within the 7 
tube will ſuſtain much leſs preſſure upon it, from the dilated internal air, 
than the upper part of the ſame finger, from the unrarify'd air without. 
By which means, the pulp of the finger will be thruſt in. 
Our author's ſecond objection runs thus. If you take a tube, open at 
both ends, of a conſiderable length, ſuppoſe forty inches, fill it with 
mercury, place your finger on the top, and open the lower end; the 
mercury will deſcend to its wonted ſtation, and your finger on the top, 
* be ſtrongly drawn within the tube, and ſtick cloſe to it. Whence again 
it is evident, that the mercury at its own ſtation, is not there ſuftain'd - 
by the external air, but by a certain internal cord, whoſe upper end, 


<* being faſten'd to the finger, draws and fixes it, after this manner, in 
© the tube. WW Tn i. cools eat | IS 
But this argument, being much of the ſame nature with the former, the 
anſwer made to that, may ſerve here alſo; eſpecially, becauſe in the 
preſent caſe, the pulp of the finger ſuſtains leſs preſſure on the inſide 
of the tube, than in the other; the preſſure of the atmoſphere being here 
kept off from it, by the ſubjacent mercury; whereas there is nothing of 
that preſſure abated againſt the other. part of the finger, that kept it off 


from 
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from the deſerted cavity of the tube; only from the pulp, contiguous to 


the tube, there may be ſome taken off, by the weight of the glaſs itſelf 
But as for that partof the finger, which immediately covers the orifice, 


whether there be any ſpring in its own fibres, or other conſtituent ſub. 
. ſtance, which finding no reſiſtance in the place deſerted by the quick. 


filver, may contribute to its ſwelling ; he, who duly confiders the accoun; 
already given of this intruſion, will find no need of our author's internal 
Funiculus, which ſeems more difficult to conceive, than to ſolve the pheng. 
mena, in controverſy, without it. | 
Our author propoſes this as a clear demonſtration ; and it is, indeed, 
the principal thing in his boox. Take a tube of about 20 inches long, 
with both ends open, let its orifice be immers'd in ſtagnant mercury, and 
one finger being plac'd underneath, that the mercury to be pour d in, 
* may not run thro?, let it be fill'd with quick- ſilver, and then another 
finger apply'd to cloſe its orifice. This done, if you take away the lower 
finger, the upper will be ſtrongly drawn, and ſuck'd into the tube, and 
«* adhere to it fo firmly, that it will elevate the tube itſelf, with all the 
«« quick-ſilver, and make it hang pendulous in the veſſel. Since then the 
<5 quick-ſilver in ſuch a tube muſt be thruſt upwards by the preponderating 
air; it can never be hence explain'd, how the finger is ſo drawn down. 
* wards, and made ſo ſtrongly to adhere to the tube. For it cannot, by the 
air forcing upwards, be drawn downwards.” In anſwer hereto, I alledge 
that a good account may be given of this experiment, upon our hypothe- 
fis, Which is ſufficient to ſhew the argument not to be unanſwerable. 
I deny then, that the finger is drawn downward or made, by ſuction, to 
adhere to the tube, otherwiſe than we have already explain'd. 
le ſays indeed, that the air which thruſt up the quick: ſilver, cannot 
ſo: ſtrongly draw down the finger: as if the air were not a fluid body, but 
a ſingle and entire pillar of ſome ſolid matter. 
However, when the tube is fill'd with quick - ſilver, the finger that ſtops 
the upper orifice is almoſt equally preſs'd above, and at the ſides, by the 
contiguous air; and when the lower finger is remov'd, the cylinder of 
mercury, which before gravitated upon the finger, comes to gravitate up- 
on the ſtagnant mercury, and by its intervention, preſſes againſt the out. 
ward air; ſo that, againſt thoſe parts of the finger, that are contiguous to 
the air, there is all the wonted preſſure of the external air; but againk 
that-pulpcontiguous to the mercury, not ſo much preſſure, as againſt the 
other parts of the finger, by about two thirds ; becauſe the mercurial cy- 
linder, in this experiment, is ſuppos'd to be twenty inches high; and it it 


were but a little more than thirty inches high, the weight of the quick. ſi- 


ver would take off not two thirds only, but the whole preſſure of the out- 


ward air from the pulp of the finger. For in that caſe, the quick- ſilber 
would quite deſert it, and ſettle below it. Wherefore, ſince I have before 
ſhewn, that the preſſure of the outward air is taken off from the body 
that remains in the upper part of the tube, according to the "ous 
of the liquor ſuſpended in it; and ſince, on our hypotheſis, the k . 
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the outward air is able 0d keep 3b. Anehts of duick Heer, '6t 32, or 23 CNN 
fect of water 1 — wonder if 2 pteſfüre öf che ambient ? 
air, equal to the weight of à cylinder of water of hear 22 feet long, 
ſhould be able to thruſt in che pulp of the finger, at the upper orifice 
of the tube, and make it ſtick cloſely to the top of it. 

I know our author affirms, that no preſſute from without, can ever 
effect ſuch an adheſion of the finger to the tube; but this ſhould be pro: 
ved. Nor could I, upon trial, find the adheſion of the finger to the 
tube, to be near ſo ſtrong as our author relates; but if you endeavour 
to thruſt the pulp of your finger into the orifice of the tube, you may 
thro* the glats, perceive it to be manifeſtly tumid in the cavity of the 
pipe. And if, by preſſing your finger againſt the orifice, you ſhould not 
make the pulp:adhere quite ſo ſtrongly to the tube, nor ſwell quite ſg 
much within it, as may happen in ſome mercurial experiments; it is to 80 
conſidered, that the air being a fluid, as well as a heavy body, does no | 
preſs only againſt the upper part of the finger, but upon as much of it | 
as is expoſed thereto, almoſt every way uniformly and ftrongly ; and ſo | 
by its lateral preſſure, thruſts the pulp of the finger, into the orifice, 
S where there is leaſt reſiſtance, - + e, TI Ee 
Hence, we need not borrow the objection our author offers to lend, 
that in the experiment under conſideration; the quick-filver. is preſſed 
downward by the ſpring of ſome air lurking betwixt it and the finger; 
(tho? ſuch a thing might eaſily happen) fince we lately proved the contra-, 
ry. And as for what he adds to confirm his argument, that“ if the 
* preponderating air ſucceed in the place of the lower finger, which 
* was withdrawn; that is, if it ſuſtain the quick- ſilver after the ſame 
© manner, as by the lower finger apply'd under it; it is manifeft, that 
the finger on the top, ought to be no more drawn downwards, after 

the lower finger is removed, than before: but experience teacheth the 

-*© contrary z** we muſt conſider, that the tube being ſuppoſed. perfect- 

ly full of mercury, the finger which ſtops the lower orifice, is uſually. 
x kept ſtrongly preſſed againſt it, leſt any of that ponderous fluid ſhould 
get out; ſo that tho? the lower finger keeps up the mercury in the tube, 

; and the preſſure of the outward air would do ſo too; yet there is this dif- 
$ ference, that the preſſure of the atmoſphere, depending upon its weight, 
cannot be increaſed and weakened as we pleaſe, like the undermoſt fin- 
ger. And therefore, whereas the atmoſpherical cylinder will not ſuſtain. 
one of quick- ſilver above 30 inches high, thoſe who make the Torricel- 
lian experiment, often keep up with the finger a mercurial cylinder of 
perhaps 50 inches; ſo that in our caſe, before the removal of the under 


5 finger, the pulp of the uppermoſt muſt ſuſtain about the ſame preſſure, 
or where it is contiguous to the mercury, as the other part of the ſame fin- 
bY ger; after the removal of the under finger, there is as much preſſure 
ly got the atmoſphere taken off from the pulp, as balances a cylinder of 


$9uick-ſilver 20 inches high. 
| Our 
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Our author's rener thus propoſed © This opinion is falſe, 
< becauſe thence it would follow, that quick-ſilver, thro? a like tube 
might be ſuck'd with the ſame-eaſe out of a veſſel as water; which i 

* contrary, to experience; for, according to this opinion, that the fluid 

underneath,whether water or mercury,may ſo aſcend,no more is requi. 
<< red, than that the air in the tube be drawn upwards by ſuction ; when 
<< the liquor below will immediately aſcend, being impelled by the exter- 

«© nal air, which now, preponderates.“ But we formerly ſhew'd, that 

when the mercurial cylinder, which reſts upon the ſtagnant mercury, has, 

at the other end of it, air kept from any communication with the atmo. 

ſphere, that included air has ſo much of the preſſure of the external air u- 

ken off from it, as balances the mercurial cylinder. And the finger expo- 

ſed to the whole preſſure of the ambient air, in ſome of its parts, and in 
others but to the much fainter preſſure of the included air, ſuſtains an un- 
uſual preſſure from the preponderating power of the atmoſphere. Thus 
the thorax, and the muſcles of the abdomen, which ſerve for reſpiration, 
ſuſtain the preſſure of the whole ambient air; tho? theſe muſcles are able, 
without any conſiderable reſiſtance, to dilate the thorax ; becauſe as falt 


cc 


as they open the cheſt, and by dilating it, weaken the ſpring of the inclu- | 


ded air, the external air ruſhing in, for want of the uſual reſiſtance there, 
keeps that within the thorax, in an equilibrium to that without. We fay 
then, that if a cylinder of mercury be, by ſuction, raiſed in the tube to 
any conſiderable height, the preſſure of the air in the thorax, is leſſened 
by the whole weight of that mercurial cylinder; and conſequently, the 
reſpiratory muſcles are thereby diſabled from dilating the cheſt as freely 
as uſual. But if inſtead of mercury, you ſubſtitute water, ſo ſhorta cy- 
linder of that takes off ſo little of the preſſure of the included air, that it 
comes into the lungs with almoſt its uſual ſtrength 3 and conſequently, 
Lon almoſt the ſame force wherewith the external air preſſes againſt the 
orax. 

And there is an experiment of M. Paſchal's, which ſhews clearly, that 
if we could free the upper part of a tube from the preſſure of all internal 
air, the quick · ſilver (as our author ſays it ſhould) would, by the preſſure ot 
the outward air, be impell'd up into the tube as well as water, till it had at- 
tain'd a height ſufficient to make its weight equal to that of the atmoſphere. 
The experiment itſelf is this : If a glaſs ſyringe be made of a ſufficient 
* [ength, and after the ſucker is thruſt into the utmoſt orifice, it be plung'l 
tn the mercury, as ſoon as the ſucker is drawn out, the mercury follows, 
* and aſcends to the height of 2 feet, 3 inches and a half. And when after- 
« wards, tho? no greater force be added, the ſucker is drawn higher, lt 
mercury ſtands, and follows no farther z whence that ſpace remalls 
empty which lies between the mercury and the ſucker.” So that v 


may well explain our author's experiment, by ſaying, that in a mofe 


forcible reſpiration, the mercurial cylinder is raiſed higher than in a mo 
Janguid one; becauſe in the former, the cheſt being more dilated, the . 


cluded air is alſo more expanded, whereby its weaken'd ſpring go” 2 
| M1Le! 
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before, enable the mercurial cylinder to balance the preſſute of the ambi- 
ent air. And the reaſon why the quick-ſilver is not, by reſpiration, 
rais'd as high as *tis kept ſuſpended in the Jorricellian experiment, is not 
the preſſure of the outward air being unable to raiſe it ſo high; but be- 
cauſe the free dilatation of the thorax, is oppoſed by the preſſure of the 
ambient air; which preſſure being againſt ſo great a ſuperficies, and but 
imperfectly reſiſted by the weakned ſpring of the air in the thorax, will be 
very conſiderable ; ſince, in our engine, the preſſure of the external air a- 
gainſt the ſucker of leſs than three inches diameter, was able to raiſe an 
hundred weight. And by the way, when we ſtrongly ſuck up quick: ſilver 
in a glaſs tube, tho? the elevation thereof proceeded from our author's Fu- 
viculus, contracting itſelf every way; and tho' there be a communication 
betwixt the internal ſurface of the lungs, and the cavity of the tube; yet 
we feel not, in our lungs, any endeavour of the ſhrinking cord to tear off 
that membrane they are lined with. | 
Our author further ſays, that the ſpring of the air can perform nei- 
ether more nor lefs, in a cloſe place, than its equilibrium in an open one.“ 
| But allow of this opinion, only in ſome caſes ; for in others, we have 
performed much more by the ſpring of the air, which we can, within cer- 
tain limits, increaſe at pleaſure, than can be perform*d by the bare weight, 
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| Which for ought we know, remains always nearly the fame. And of this 

0 difference, we formerly gave an inſtance; when by compreſſing the air, 

] in the receiver, we impelPd the mercurial cylinder higher than the tation 

e at which the balance of the air ſuſtains it. | 

J Our author adds, that ** ſince the experiments of the adheſion of the 

x << finger, Sc. ſucceed alike in a cloſe and open. place, the arguments pro- 
it V duced againſt the equilibrium, make alſo againſt the ſpring of the air.“ 
„ This has already been anſwer' d; but ſince he ſays, that the experiments, 
- concerning the adheſion of the finger, &c. ſucceed equally in a cloſe and 

- open place, I wiſh he had told us what way he took to make them; for 

ut in ordinary rooms, there ſcarce ever wants a communication betwixt the 
internal and external air, by means whereof, the weight of the atmoſphere 
.of has its effect within the room. | | | | 
u. Our author ſuppoſes, that what we aſcribe to the ſpring, and weight of Te funicu/ar 
er. che air, is performed by a ſort of Funiculus, conſiſting of a thin ſubſtance, t eis eng- 
et greatly expanded; which lying between two bodies, endeavours to con- * 
oo tract itſelf, and to bring theſe bodies together, to avoida vacuum 3 by na- 
ns, WS ures abhorrence whereof he at length, ſolves all phenomena. 
ph His firſt, argument for this is, that the finger would not be drawn down, 

the by the deſcent of the mercury in the Torricellian tube, were there not a Fu- 
* niculus.z and that, were no thin ſubſtance there extended, a vacuum muſt 
+ enſue. __, | 011 | 
* But this argument being deduced from the ſuction of the pulp of the 
. finger, upon the deſcent of the mercury, has been anſwer'd already. Ano- 
i ther argument, which he alledges againſt a vacuum, is the tranſparency of 
ot, 5 A the tube, where *tis ſaid to.be : for, were there a vacuum, 


Pppp he 


PrxzumaTICs he ſays, it would be like a black pillar, neither able to afford any thing 
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viſible, or to permit objects to appear thro? it. 
But the invalidity of this aſſertion appears from the doctrine of the arg. 


miſts, who teach, that light is made up of ſuch ſubtile eMuvia, as are able 2 
to penetrate glaſs, and therefore, may leave many vacuities, tho? the ca. ant 
vity of the cylinder ſeems full of it; and no doubt, were the parts of the ſen 
lucid matter contracted, they would not fill one tenth of that ſpace, ſince {id 
the ſmoke which fill'd our receiver, ſo as to make it appear opake, poſſe{'4 Bu 
when condens'd, only a ſmall part thereof. get 
Thus a room may appear full of the ſmoke of a perfume, tho? if all the air 
corpuſcles that compoſe the ſmoke were re-united, they would make yy we 
but a ſmall paſtil. A little camphire alſo, will fill a room with its odour; me 
but having, in well clos'd glaſſes, caught the fumes of it driven over by of 
heat, and again reduced them into true camphire, I found its bulk very in- wh 
conſiderable, in compariſon of the ſpace it poſſeſſes, when its ſcented cor. tert 
puſcles are ſcatter'd thro” the air. | 
I might add, that if the Torricellian experiment ſucceed in the dark, it may ed | 
well be doubted, whether our author's argument will hold. For if he en- 8 ſur 
deavours to prove, that the place in queſtion was full in the dark, becauſe tha 
upon letting in the light, a light appears within it; we may reply, that this # gin 
light isa new one, flowing from the lucid body, that darts its corporeal tho 
rays thro? the glaſs and ſpace in diſpute, which for want of ſuch corpuſcle, s# lily 
were not, Juſt before, viſible. I 
And ſuppoſing light to be made by a propagation of the impulſe of «4 
lucid bodies thro? tranſparent ones, yet it will not thence follow, that the phe 
deſerted part of the tube muſt be full; in one of our experiments, tho' per 
many of thoſe groſs aerial particles, that appear neceſſary to convey a lan- den 
guid ſound, were ſoon drawn out of the receiver, yet there remain'd ſo | of 1 
many, that the others were not miſs'd, till a far greater number was ex- com 
tracted ; and thus there may remain matter enough to tranſmit the impulſe I owr 
of light, tho* betwixt the particles of that matter there ſhould be number- exp 
leſs vacuities; yet our author pretends to prove abſolutely, that there 1s its v 
no vacuity in the diſputed ſpace. And ſhould a Carteſian ſay, the deſerted com 
part of the tube is filled with Materia ſubtilis, he muſt allow the preſſure . filve 
of theoutward air to be the cauſe of the ſuſpenſion of the quick-ſilver ; for as tl 
tho the Materia ſubtilis may readily fill the ſpaces deſerted by the mercury; , Part 
yet that within the tube cannothinder ſo ponderous a liquor from ſubſiding WF thelc 
as low as the ſtagnant mercury ; ſince the whole tube, being perviousto that | moſ 
ſubtile matter, it may, with like facility ſucceed, in whatever part of it phen 
ſhall be forſaken by the quick: ſilver. ſcale 
Our author's next argument is, that the mercurial cylinder, reſt- rega 
ing at its wonted ſtation, does not gravitate; as appears by applying It 
the finger to the immerſed, or lower orifice of the tube: whence be WF and | 
infers, that it muſt} of neceſſity, be ſuſpended from within the tube. pour 
And indeed, if the finger be applied to the open end of the tube, betore 4 
faller 


tis quite lifted out of the ſtagnant mercury, the experiment will * 
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the finger, however, will feel a gravitation, or preſſure, of the glaſs-tube, Pu rie 


and the contained mercury, as of one body ; but no ſenſible preſſure of 
the mercury apart, as if it endeavoured to thruſt away the finger from 
the tube. Now, according to our hypotheſis, the mercurial cylinder, 
and the air, balancing one another, the finger ſuſtains not any preſſure, 
ſenſibly differing from the ambient air, that preſſes againſt the nail, and 
ſides of it, and from the included quick-ſilver that preſſes againſt the pulp. 
But if the mercurial cylinder ſhould exceed the uſual length, then the fin- 
ger would feel ſome preſſure from that additional quick- ſilver, which the 
air does not aſſiſt the finger to ſuſtain: ſo that this phenomenon may as 
well be ſolved on our hypotheſis, as on our author's. But how comes the 
mercury in the tube, when of a due altitude, to run out, upon removal 
of the finger beneath, if it be ſuſtained only by an internal cord; and, 
when that ſuſtains it, to reſemble a ſolid body, if the preſſure of the ex- 
ternal air has no ſhare-in it? 4 

If it be here ſaid, that the finger muſt feel great pain, by being ſqueez- 
ed betwixta pillar of thirty inches of quick-· ſilver, and an equivalent preſ- 
ſure from the atmoſphere, we muſt obſerve, that in fluids, a ſolid has not 
that ſenſe of preſſure from ſurrounding bodies which men are apt to ima- 
gine; as appears from divers: and I am inform'd, that the learned Maignan, 
tho? he purpoſely thruſt his hands, three or four palms deep, into quick- 
ſilver, his fingers were not ſenſible of any weight or preſſure. | 

Laſtly, our author tells us, that ** thoſe remarkable vibrations the 
quick: ſilver makes, in its deſcent, favours his hypotheſis.” But this 
phenomenon, alſo, is eaſily ſolved on our hypotheſis: for when the ex- 
periment is made in a cloſe place, as our receiver is, mercury, by its ſud- 
den deſcent, acquires.an impetus, beſides the preſſure it has upon account 
of its gravity: whence it, for a while, falls below its ſtation, and thereby 


= compreſſes the air that reſts upon the ſtagnant mercury; which air, by its 
own ſpring, again forcibly dilating itſelf, to recover its former extenſion, 
expands beyond it, and thereby impels up thequick-filver ſomewhat above 


its wonted ſtation ; in its fall from whence, it again acquires a power to 
compreſs the air: and this reciprocation of preſſure, betwixt the quick- 
ſilver, and the external air, decreaſing by degrees, at length wholly ceaſes, 


as the mercury loſes that additional preſſure it acquired by falling from 


parts of the tube, higher than its due ſtation. But this way of explicating 


| theſe vibrations, is not neceſſary in the free air; for if we conſider the at- 


moſphere only as a weight, and allow an imperus acquired by deſcent, the 
phenomenon will be eaſily explained by a balance, wherein one of the 


| ſcales chancing to be depreſs*d, they do not, till after many vibrations, 


regain their equilibrium. 

I took a glaſs ſiphon, whoſe two legs, unequal in length, were parallel, 
and both perpendicular to that part of the pipe which joined them; and 
poured quick· ſilver into it, till *rwas ſome inches high, and equal in both 


legs; then the ſiphon being inclined, till moſt part of the quick- ſilver was 
allen into one of the legs, I ſtopped the orifice of the other with my 


Pppp 2 finger : 
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ane a Ties finger; and, erecting the ſiphon again, the“ the quick-filver were forces 
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4 


to aſcend a little in that ſtopped leg; yet, becauſe my- finger prevented 


the air from getting away, the quick-ſilver was kept much lower in the 


ſtopped leg than in the other: but if, by ſuddenly removing my finger, | 

ve vent to the included: compreſs d air, the preponderant quick.ſilyer 
in the other leg would, with the mercury in the open one, make ſevera] 
undulations before, in both legs, it reſted in an equilibrium. Now, in 
this caſe, there is no pretence for a Funiculus of violently diſtended air 
to cauſe the vibrations of the mercury. | DS 08. 

But there are many particulars which render the funicular hypothes 
improbable. — - 3 | 0 f; 

And, firft, our author acknowledges, that quick-ſilver, water, wine, G. 


as well one as another, will deſcend in tubes, exactly ſeaPd at the top, i 


caſe the cylinder of liquor exceed the weight of a mercurial cylinder of 
twenty nine inches and a half, but ſubſide no longer than till ir is a balance 
to a cylinder of quick- ſilver of that height. Now it's very ſtrange, that 
whatever the liquor be, there ſhould be juſt the ſame weight or ſtrength 
to extend them into a Funiculus. And this is the more ſurprizing, becauſe 
our author makes ſo great a difference betwixt the diſpoſition of bodies of 
various conſiſtences to be extenuated into a Funiculus, that he will not al. 
low any human force able to produce one by the divulſion of two flat mar- 
bles, in caſe the contact of their ſurfaces were ſo exquiſite, as quite to ex. 
clude all air; tho? his reaſoning plainly agrees with experience, that ad- 
hering marbles may be forcibly ſever'd; and therefore, according to him, 
the ſuperficial parts may be diſtended into a Funiculus, that prevents a 
cuum. But our hypotheſis labours not under this difficulry; for the weight 
of the external air, being that which keeps liquors ſuſpended in ſealed 
tubes, it matters not of what nature or texture the ſuſpended liquor is, pro- 
vided its weight be the ſame with that of a mercurial cylinder equiponde- 
ane e the acriat o .... 

In the next place TI obſerve, that the account our author gives of his 
Funiculus, is much more ſtrange than ſatisfactory, and not made out by 
any unqueſtionable parallel operations of nature: whereas, the weight 
and ſpring of the air may be inferr*d from ſuch certain experiments as are 
not concern'd in the preſent controverſy. For the gravity of the air way 
be manifeſted by a pair of ſcales; and its ſpring is diſclos'd ſo clearly In 
wind- guns, and other inſtruments, that our author does not deny it. But in 
the explanation of his Funiculus, he would have us remark two things; firlt, 
© that the quick-filver which fills the whole tube, doth not only touch the 
top of it, but firmly ſtick to it; and that the finger adheres to the mercu!y; 
& ſince, tho? the orifice of the tube be oil'd, that will not hinder it from 
<« ſticking as firmly as before.“ But two bodies, by truſion, may eaſily be 


made to ſtick together, as much as the tube and finger do, tho? one of them 
be oil'd; befides, this adheſion of the finger to the tube will happen, 0 
only when the ſurface of the included quick-filver is contiguous to the fin- 
ger, but many inches below it. Water and quick-ſilver, he ſays, aſcen 

| | 2 
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by ſuRion, 5*becaviſe the parts of the air included in the tobe, are now ſor vn r ts 
firmly glued to one another, that they make a ſtrong chain, whereby * * 


the water and quick: ſilver are drawn up.“ Which way of wreathing a 
little rariſied air into ſo ſtrong a rope, is highly improbable. oo 
Secondly, he ſays, that * the rarifaction, or extenſion of a body, fo as 
% to make it take up more ſpace, is not only cauſed by heat, but by di- 
«© (tenſion, or a certain disjoining power; as condenſation is not caly 
made by cold, but alſo by compreſſion.“ And it is true and obvions, 
that the condenſation of bodies (tak ing that ward in a large ſenſe) may be 
made as well by compreſſion as cold. But I with he had more clearly ex- 
preſſed what he means in this place by that rarifaction, which, he ſays, is 
to be made by a disjoining power; whereof, he tells us, there are innume- 
rable inſtances. For, as far as may be gathered from the three examples 
he ſubjoins, it is only the air that is capable of being fo extended, as his 
hy potheſis requires quick-ſilver, and even ſtones to be. And how will 
he prove that even air may be thus extended, to fill 2000 times the fpace 
it poſſeſſed before? For that the fame air adequately fills more ſpace at 
one time than another, he proves but by the ruſhing of water into the 
evacuated glaſs, and a filling it; which, he fays, is done by the di- 
ſtended air, that contracting itſelf, draws up the water with it. The ex- 
planation he = of his Funiculus is this: Since it is manifeſt, that 
<< the quick ſilver ſticks to the top of the tube, and that rarifaction ts 
made by the mere diſtenfion of a body, it happens that the deſcending 
© quick-{ilver leaves its upper ſuperficies fixed to the top of the tube; 
„and by its weight ſo ftretches and extenuates it, till it becomes eafier 
do leave another ſuper ficies in like manner, than to extend that any fur- 
© ther. It leaves therefore a ſecond; and by its deſcent extends that a 
« little further, till it becomes eafier to feparate a third, than to extend 
c that any more; and ſo on, till at length it hath no power to ſeparate, 
dor extend any more ſurfaces, when it comes to the height of 29 inches 


and a half, where it reſts.“ Hence it is eaſy to diſcern, that he is obliged 
i to aſſign his Funiculus a ſtrange and unparallePd way of production. Now 
vr I muſt demand, by what force, upon the bare ſeparation of the quick-fit- 
a | ver and the top of the tube, the new body he mentions, eomes to be pro- 
* duced ? or how it appears, that the mercury leaves any ſuch thing as he 
i ſpeaks of behind it? For the ſenſe perceives nothing of it at the tap of 
in the tube, nor is it neceſſary to explain the phenomena, as we have for- 
1 merly ſeen. And how ſhould the bare weight of the deſcending mercury 
"he be able to extend a ſurface into a body? Beſides, the ſucceſſion of ſurfaces . 
W is a chimera; or ſuppoſing ſome of the quick-filver were turned into a 
1 thin, ſubtile ſubſtance, yet how comes that ſubſtance to be contrived into 
jb: a Funiculus of ſo ftrange a nature, that ſcarce any weight can break it; 


and that, contrary to all other ſtrings, it may be ſtretched, without be- 
coming more ſlender, and obtains other very odd properties? 


Our author ſays indeed, that ** theſe ſurfaces ſeem to be ſeparated from | 
* the quick-ſilver, and to be extended into a moſt ſlender ſtring, by the 
„falling 
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"PxzumarTICs 66 falling weight, after the ſame manner that in a lighted candle, ſurfaces 


of like ſort are ſeparated from the wax or tallow underneath, by the 
< heat above, and extenuated into a moſt ſubtile flame; which doubtle(; 
c takes up above 1000 times more ſpace, than the part of the wax, ot 
e which the flame conſiſted, poſſeſſed ; ſo our Funiculus takes up 1000 


tc times more ſpace than the ſmall particle of mercury from whence it 


&« aroſe.” And this is the only example whereby our author endeavqyr; 
to illuſtrate the generation of his Funiculus. But here intervenes a conſpi- 
cuous and powerful agent, actual fire, to ſever and agitate the part; of 
the candle; and beſides, there is a manifeſt waſting of the wax or talloy 
turned into flame; and we muſt not admit that the fewel, when turned tg 
a flame, really fills ſo much as twice the genuine ſpace as the wax it was 
made of. For the flame is little leſs than an aggregate of thoſe corpuſcls, 
which before lay upon the upper ſuperficies of a candle, and were, by the 
violent heat, divided into minuter particles, vehemently agitated, and 
brought from lying flat, to beat off one another, and make up, about the 
wieck, ſuch a figure as is uſual in the flame of candles burning in the free 
air. Nor will it neceſſarily follow, that the ſpace which the flame ſeems 
to take up, ſhould contain neither air, nor æther, or any thing beſides the 
parts of that flame, becauſe the eye can diſcern no other body there; for 
even the ſmoke aſcending from the ſnuff of a candle newly extinguiſhed, 


appears a dark pillar, tho? there are many aerial, and other inviſible cor- 


puſcles mixed with it; ſo that if all thoſe parts of ſmoke, which ſhey 
large in the air, were collected, and contiguous, they would not perhaps 
amount to the bigneſs of a pin's head; as may appear from the great 
quantity of ſteams that in chymical veſſels go to make up one drop of 
ſpirit. And therefore, as our author, to enforce his former example, al- 


' ledges the turning of a particle of quick- ſilver into vapour by fire; if ſuch 


be the rarifaction of mercury, it is not at all likely to make ſuch a Hui 
culus as he talks of; ſince thoſe mercurial fumes appear, by various expe- 
riments, to be mercury divided, and thrown out into minute parts; where- 
by, tho' the body obtain more of ſurface than it had before, yet it really 
fills no more of true and genuine ſpace ; ſince, if all the particular little 
parts filled by theſe ſcattered corpuſcles, were reduced into one, as the 
corpuſcles themſelves often are in chymical operations, they would amount 
but to one whole equal to that of the mercury before rarifaction. 

I farther demand, how the Funiculus comes by hooks, or parts proper 
to take faſt hold of all contiguous bodies; and even the ſmootheſt, ſuch as 
glaſs, the calm ſurface of quick- ſilver, water, oil, &c. and how theſe ſlender 
and inviſible hooks find innumerable loops in ſmooth bodies, to take hold 
on ſo ſtrongly, as to lift up a tall cylinder of quick-filver, and draw in- 
wards the ſides of ſtrong glaſſes ſo forcibly, as to break them to pieces? 
It is alſo ſomewhat ſtrange, that water, and other fluid bodies, ſhould, 
when the Funiculus once lays hold on their ſuperficial corpuſcles, preſently, 


like conſiſtent bodies, be drawn up in one entire continued piece; tho, 
even 
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even in the exhauſted receiver, they appear by many ſigns, to continue ner res 


1 1 that by calling this extenuated ſubſtance, a Funiculus, he in- 
timates, that it has its ſpring inwards, like lute-ſtrings, and ropes forci- 
bly ſtretch'd ; but there is no ſmall diſparity betwixt them: for in ſtrings, 
there is requir'd either wreathing, or ſome peculiar, and artificial texture 
of the component parts; but a rarifaction of air, does not inſer any fuch 
contrivance of parts, as is requiſite to make bodies elaſtic. And ſince 
lute-ſtrings, Sc. muſt, when they ſhrink inwards, either fill up or leſſen 
their pores, and increaſe in thickneſs, as they diminiſh in length; our 
author's Funiculus differs widely from them ; ſince it has no pores to re- 
ceive the ſhrinking parts; and contracts its length, without increaſing its 
thickneſs. Nor does it, to me, ſeem very probable, that when, for in- 
ſtance, part of a poliſh'd marble is extended into a Funiculus, that Funi- 
culus ſtrongly aſpires to turn into marble again. And *tis very unlikely, 
that the ſpace, our author would have repleniſh'd with his funicular ſub- 


ſtance, ſhould be full of little, highly-ſtretch'd ſtrings, that lay faſt hold 


on the ſurfaces of all contiguous bodies, and always violently endeavour to 
pull them inwards. For, a pendulum being ſet a moving, in our ex- 
hauſted receiver, vibrated as freely, and with the ſtring as much ſtretch'd 
as in the common air. Nay, the balance of a watch did there move free- 
ly 3 which is hard to conceive, if the moving bodies were to break thro? 
a medium conſiſting of innumerable ſtrings, exceedingly ſtretch'd. And 
*tis ſtrange, if theſe ſtrings, thus cur, or broken, by the paſſage of theſe 
bodies thro? them, could ſo readily have their parts re- united, and imme- 
diately be mage entire again. And in this caſe, the two divided parts of 


| | each ſmall ſtring, do not, like thoſe of other broken ſtrings, fly back from 
one another, but meet, and unite again; yet when in the Torricellian ex- 


periment, the tube, with the contain*d mercury, is ſuddenly lifted out of 


the ſtagnant quick-ſilver into the air, the Funiculus ſo ſtrangely contracts 


itſelf, that it quite vaniſhes 3 ſo that the aſcending mercury may riſe to the 


\ very top of the tube. 
But this is not all that renders our author's hypotheſis improbable ; for 


it neceſſarily ſuppoſes ſuch a rarifaction, and condenſation, as is unin- 


telligible. 


We muſt here premiſe, that a body is commonly ſaid to be rarified, or 
dilated, when it acquires greater dimenſions than it had before; and to 


be condenſed, when it is reduced to leſs dimenſions, that is, into a leſs 


ſpace; and that there are three ways of explaining rarifaction: for, ei- 
ther we muſt ſay, that the corpuſcles whereof the rarified body conſiſts, 
depart from each other, ſo that no other ſubſtance comes in between them, 
to fill up the deſerted ſpaces, or, that theſe new interſti ces, are but di- 


lated pores, repleniſh'd, as thoſe of a tumid ſpunge by water, with ſome ſub- 


tile ethereal ſubſtance; or laſtly, that the ſame body does not only obtain 


agreater ſpace in rarifaction, and a leſſer in condenſation z but ade- 
$ quately, and exactly fills it: and fo, when rarified, acquires larger di- 
| | menſions, 
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or admitting any new, and extraneous ſubſtance between them, 

»Tis to this laſt way of rarifaction, that our author has recourſe, in 
this hypotheſis ; tho*, I confeſs, it appears to me ſo difficult to be con. 
ceiv*d, that I doubt whether any phenomenon can be explain'd by ir, Le. 
us ſuppoſe, that in the Magdeburg experiment, he ſo often urges to prove hi 
hypotheſis, that the undilated air, which, as he tells us, poſſeſs'd about half 
an inch of ſpace, conſiſted of 100 parts, twill not be deny*d, that as the ag. 
gregate is adequate to the whole ſpace it fills, ſo each of the 100 parts; 
likewiſe, adequately commenſurate to its reſpective ſpace, which is 100th 
part of the whole. Now, our author ſays, that . if a body poſſeſſes twice 
e as much ſpace, each part of that body muſt do the fame.” Whence the 
whole capacity of the fphere, which according to him, was 2000 times big. 
ger than the ſpace pofleſs*d by the unexpanded air, there muſt likewiſe, he 
2000 parts of ſpace, commenſurate each of them, to one of the aforeſaid 
xo0th parts of air; and conſequently, when he affirms, that half an inch of 
air pofſeſs'd the whole cavity of the globe, if we will not admit, as he doe; 
not, either vacuities, or ſome ſubtile ſubſtance in the interſtices of the aerial 

rticles, each part of air muſt, adequately, fill 2000 parts of ſpace. Noy 
that this ſhould be reſolutely taught, to be really, and regularly done, in 
the Magdeburg experiment, will queſtionleſs, appear very abſurd to the 
Carteſians, and thoſe other philoſophers, who take extenſion to bebutnoti- 
onally different from body; and conſequently, impoſſible to be acquir'd, 
or loſt, without the addition, or detraction of matter: and will, I doubt 
not, appear ſtrange to every one who conſiders how generally extenſion is 
allow'd infeparable, and immediately to flow from matter and bodies to 
have a neceſſary relation to a commenſurate ſpace. Nor do I ſee, if one 
portion of air may be ſo eaſi ly brought exactly to fill a ſpace 2000 times 
as great as that it did but fill before, without the addition of any new 

ſubſtance, why the matter contain'd in each of theſe 2000 parts of ſpace 

may not be farther brought to fill 2000 more, and ſo on; ſince each of 

theſe newly repleniſh'd ſpaces, is preſum'd to be exactly fill'd with body, 

and no ſpace, and conſequently, that which the un-rarified air repleniſh'd, 
can be more than adequately full. And fince, according to our author, 
not only fluids, but even ſolids, as marble, are capable of ſuch a Ciften- 
ſion, why may not the world be made many thouſand times bigger than it 
is, without either admitting a vacuity betwixt its parts, or being increas's 
with the addition of one atom of new matter ? 

He further alledges, that the phenomena of rarifaction cannot be ex. 
plain'd, either by vacuities, or the ſub-ingreſſion of an ethereal ſubſtance; 
and 2 are two ways of explaining that kind of it, which he con- 
ten r. 2 


Aiter our author's objections againſt the two ways of rarifaction pro- 


poſed ; the one by the vacuiſts, ard the other by the Carieſtans, who admit 


the moſt ſolid bodies, and even glaſs itſelf, to be pervious to an ethercih 
0 


* Urius 
$ /lotelia 
ſume 
inch o 


P 
W 
5 
5 


indivi 


rifacti 
ble, 11 
Vo 


The Pneumatical Experiments defended. 


rarifaction is perform'd; and having premis'd, that the explanation of the 
way how each part of the rarified body becomes extended, depends upon 
the quality of the parts into which the body is ultimately reſolv'd; and, 
having truly obſerv'd, that they muſt, neceſſarily, be either really indivi- 
ſible, or endleſly diviſible, he endeavours to explain the Ariſtotelian rari- 
faction, according to theſe two hypotheſes. But tho* he thus propoſes 
two ways of making out his rarifaction, yet they are irreconcilable ; and 
he ſpeaks of them very doubtfully, and obſcurely. 

And firſt, having told us how rarifaction may be explain'd, if we admit 
bodies to be diviſible in infinitum, he makes an objection againſt the in- 
finity of parts in a continuum, whereto he gives ſo dark an anſwer, 
that, I confeſs, I do not underſtand it. 


as is here ſuppoſed, would make out the rarifaction he contends for: 
ſince, let the integrant parts of a continuum be more or leſs finite, or in- 
finite in number, ſtill each part, being a corporeal ſubſtance, muſt 
have ſome particle of ſpace commenſurate to it ; and if the whole body 
be rarified, for inſtance, to twice its former magnitude, then will each 
| part be, likewiſe, extended to double its former dimenſions z and fill both 

the place it took up before, and another equal to it; and conſequently, 
$ two places. I will not, however, pretend to affirm which of the two ways 
„by atoms, or by parts infinitely diviſible, our author declares himſelf for: 


but whichſoever of them it be, I think he has not intelligibly made it out; 
s as himſelf ſeems willing to confeſs. So that, in his diſcourſe of rari- 
0 faction, to which our author frequently refers, as that which ſhould make 
e good what ſeems the moſt improbable, he has, inſtead of a probable 
5 [& hypotheſis, ſubſtitured a doctrine which himſelf dares not pretend 
capable of being well freed from the difficulties with which it may be 
ce charged. 
of F& As for the other way of explaining rarifaction, by ſuppoſing that a 
* body is made up of parts indiviſible, he is, upon this hypotheſis, reduced 
d, I do allow, that“ one and the ſame part muſt be in two places adequately, 
ot; «« for ſince it is indiviſible, and takes up a greater ſpace than before, it 
en- © mult, of neceſſity, be alſo in every point of that ſpace; or be virtually 
n ** extended thro? all that ſpace.” When, therefore, he preſently after, 
15 d affirms, that by this virtual extenſion of the parts, the difficulties 
# which have for ſo many ages, perplex'd philoſophers, may be eaſily ſol- 
ved, he muſt give me leave to deſire he would explain what this exten/io 
ce; virtualis is; and how it will remove the difficultiescharged upon the Ari- 
con- flotelian rarifaction. For the eaſier conſideration of this matter, let us re- 
ſume what we lately ſuppos'd, that in the Magdeburgic experiment, the half- 
pro-. i inch of undilated air, conſiſted of a hundred corpuſcles ; I demand how the 
doit WR indiviſibility of theſe corpuſcles will qualify them to make out ſuch a ra- 
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rifaction, as our author imagines? For, what does their being indiviſi- 
ble, in this caſe, but make it the leſs intelligible, how they can fill above 
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And *tis not clear to me, that even ſuch a diviſibility of a continuum, 
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or ſubtile matter, he attempts to explain the manner by which his own rung 
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compreſs'd parts to retire into; or, having its pores fill'd with any ſub- 


be brought cloſer, without penetrating each other? So that I ſee not how 
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not here to queſtion, how this indiviſibility makes them. capable of beine 
ſo ; I demand, whether by an atom's being virtually extended, its corpo- 
real ſubſtance does really fill more ſpace than it did before, or not? If 
it do, then *tis a true, and real, and not barely a virtual extenſion ; but 
ſuch an extenſion, we have ſhewn, will not ſerve the turn; and our au. 
thor ſeems to confeſs as much, by deviſing this virtual extenſion, to avoid 
the inconveniencies to which he ſaw his doctrine of rarifaction would 
otherwiſe be expoſed. But if it be ſaid, that when an atom is virtual 
extended, its corporeal ſubſtance fills no more ſpace than before; I qe. 
mand, how that which is not a ſubſtance, can fill a ſpace ; and how this 
improper, and only metaphorical extenſion, will ſolve the phenomena of 
rarifaction? As how the half inch of air, at the top of the fore- mentioned 
ſphere, ſhall without a corporeal extenſion, fill the whole cavity 2000time 
its bigneſs, when the water is ſuck*d out of it, and act at the lower. part 
of the ſphere : For, our author teaches, that the whole globe was fill 
with a certain thin ſubſtance, which, by its contraction violently ſnatch'd 
up the water wherein the neck of the glaſs was immers'd. And in a pa. 
rallel caſe, he makes it his grand argument, to prove, there 1s no vacuum 
in the deſerted part of the tube, in the Torricellian experiment, that the 
attraction of the finger cannot be but from ſome real body. 

Our author's Funiculus, alſo ſuppoſes a condenſation, that to me, 
appears incumber*d with no leſs difficulties. For, ſince he teaches, that 
a body may be condens'd, without either having any vacuities for the 


tile, and yielding matter, that may be ſqueezed out of them; it follows, 
that the parts of a body to be condens'd, immediately touch each other ; 
which ſuppoſed, I demand, how bodies, that are already contiguous, can 


this condenſation can be perform'd, without penetration of dimenſions. 
In the Magdeburgic experiment, he tells us, that the whole capacity of the 
globe is fill'd with an extremely rare body; which, according to him, in- 
tercepts neither pores, nor any heterogeneous ſubſtance. Now let us conſi- 
der, that before the admiſſion of water into the exhauſted globe, there 
was, according tohim, 2000 half inches of a true and real body ; and 
that, after the admiſſionof the water, there remain'd in the ſame globe, 
no more than one half inch of body beſides.. Since then, our author docs 
not pretend, that the 1999 half-inches of matter, that now appear no more, 
travers'd the body of water; and ſince he will not allow, that it gets 4 
way thro? the pores of the glaſs; I demand, what becomes of ſo great? 
quantity of matter: For that *tis annihilated, I ſuppoſe, he is too f- 
tional to pretend; and to ſay, that ſo many parts of matter, ſhould be 
retir*d into that one part of ſpace that contains the half-inch of air, 1 
little leſs incredible: for, that ſpace was ſuppos'd perfectly full of body } 
before; and how a thing can be more than perfectly full, who can con- 
ceive? In ſhort, according to our author's way of condenſation, _ 2 

. Perhaps, 
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rhaps, two thouſand bodies, may be crowded into a ſpace that is ade- Fee 
quately filled with one of them apart. And, if this be not penetration of 
dimenſions, I deſire to be inform'd what is. 3 

But as the hypotheſis I am oppoling, is a kind of inverſion of ours; The preſſure 
ſuppoſing the ſpring, or motion of reſtitution in the air, to tend inwards, 2 
as, according to us, it tends outwards, many of the phenomena would, if imd. 
it were true, be plauſibly explicable by it; the ſame motions, in an inter- 
mediate body, being, in many caſes, producible alike, whether we ſup- 
poſe it to be thruſt, or drawn; provided, both the endeavours tend the 
ſame way. But then we may be ſatisfied, whether the effect be to be 
aſcribed to pulſion, or to traction, if we can find out an experiment, 
wherein there is a reaſon that ſuch an effect ſhould follow, in caſe pulſion 
be the cauſe enquired after; and not, in caſe it be traction. And ſuch an 
experimentum crucis is afforded us by M. Paſchal, who obſerv'd that the 
Torricellian experiment, being made at the foot, and in different parts of a 
very high mountain, after he had aſcended an hundred and fifty fathom, 
the quick- ſilver was fallen two inches and a quarter below its ſtation at 
the foot of the mountain ; and that at the very top of the hill, it had de- 
ſcended above three inches below the ſame ſtation. Whence it appears, that 
the quick. ſilver being carried up towards the top of the atmoſphere, falls 
down the lower, proportionably to the height of the place wherein the 
obſervation is made: the reaſon of which, on our hypotheſis, is, that the 
nearer we come to the top of the atmoſphere, the ſhorter, and lighter is 
the cylinder of air, incumbent upon the ſtagnant mercury ; and conſe- 


# quently, the leſs weight of mercury will that air be able to balance, and 


keep ſuſpended. And, ſince this noble phenomenon, thus clearly follows 
upon ours, and not upon our author's hypotheſis, it ſeems to determine 
the controverſy ; becauſe, in this caſe, it cannot be pretended, that the 
deſcent of the quick- ſilver, in the tube, is caus'd from the preternatural 
rarifaction, or diſtenſion of the external air, when, by trying to reſtore . 


itſelf, it endeavours todraw up the ſtagnant mercury : for, there appears 


no ſuch forcible dilatation of that air, as in many of the phenomena of 


$ our engine, he is here pleaſed to imagine. 


To this experiment he replies but two things; which, neither ſingly, 


nor together, will amount to a ſatisfactory anſwer. 


And firſt, he queſtions the truth of the obſervation itſelf, becauſe, ha- 
ving made trial on a low hill, the event did no ways anſwer his expecta- 
tion. But Gaſſendus relates, that the obſervation was five times repeated, 


with circumſtances, which ſufficiently argue the diligence wherewith the 


experiment was made : and I can confirm theſe obſervations, by two more 


made on hills in Exgland. But, however the proportion of the deſcent of 
# quick-filver may vary according to the different conſiſtence, and other ac- 
e idents of the air, in the particular places, and times of the experiments 
being made; yet all obſervations agree in this, that nearer the top of the 
atmoſphere the quick- ſilver falls lower, than when further from it. And, 
n one of theſe experiments, a determinate quantity of air being left in the 


Qqqq 2 tube, 
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i ere 
and notice taken how low ſuch a quantity of that air depreſs'd the 410 


rial cylinder, *twas obſerv'd, that at the mountain's foot, the included air 
was not able to depreſs the quickſilver ſo much. Whence we infer, tha 
the cylinder of air, at the top of the hill, being ſhorter and lighter, did nor 
ſo ſtrongly preſs againſt the included air, as did the ambient air at the bot- 
tom of the hill, where the aerial cylinder was longer and heavier, 

We alſo attempted a trial, wherein we hoped to find a ſenſible difference 
in the weight of the atmoſphere, in a far leſs height, than that of an ordin.. 
ry hill. But inſtead of a common tube, we made uſe of a weather. glas 
and inſtead of quick-ſilver, employed common water in the pipe belone. 
ing to the glaſs ; that ſmall changes in the weight or reſiſtance of the x. 
moſphere, in oppoſition to the included air, might be the more diſcernible 

The inſtrument we made uſe of conſiſted only of a glaſs AB, with; 
broad foot, a narrow neck, and a ſlender glaſs-pipe CD, open at both 
ends; the pipe ſo placed, that the bottom of it almoſt reached to the bot. 
tom of the bigger glaſs AB, within whoſe neck A, it was faſten'd with 
a cloſe cement, that both kept the pipe in its place, and hinder'd al 
communication betwixt the inward air II, and the outward air KK, except 
by the cavity of the pipe CD. Now we choſe this glaſs AB, more than 
ordinarily capacious, that the effect of the dilatation of the included air Il, 
might be the more conſpicuous. Then conveying a convenient quantity of 
water HD, into this glaſs, we carry*d it to the leads of the abbey-church 
at Weſtminſter, and there blew ina little air, to raiſe the water to the upper 
part of the pipe, that, being above the veſſel AB, we might the more pre- 
ciſely mark the ſeveral ſtations of the water. Afterward, having ſuffer'd 
the glaſs to reſt a pony while upon the leads, that the air II, within, might 
be reduced to the ſame ſtate with KK, that without; having mark'd the ſta- 
tion of the water F, we gently let down the veſlel by a ſtring to the foot of 
the wall, where one attended to receive it, who having ſuffer'd it to reſt 
upon the ground, told us, that it was ſubſided about an inch below the 
mark F; whereupon, having ordered him to put a mark at this ſecond ſta- 
tion of it E; we drew up the veſſel again, and ſuffering it to reſt a while, 
obſerv*d the water to be re-aſcended to the firſt mark F, which was, indeed, 
about an inch above E: and this we did a ſecond time, with almoſt a like 
ſucceſs; tho?, two or three days after, the wind blowing ſtrongly upon ti 
leads, we found not the experiment to ſucceed quite ſo regularly; yet tht 
water, always, manifeſtly, fell lower at the foot of the wall, than at 
the top. But, to avoid miſtakes, and prevent objections, we made tht 
experiment within the church, at the ſame height with the leads; but the 
upper part of the pipe being accidentally broken off, we order'd the mat. 


ter ſo, that the ſurface G, of the remaining water in the pipe, ſhould be 


about an inch higher than the ſurface of that in the veſſel. And then, 
letting down the glaſs, I found, that almoſt as ſoon as it was ſettle 
upon the pavement, it was not only fallen as low as the other wate!, 


but the outward air depreſs'd it ſo far, as, whilſt I was looking * 
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bubbles; after which, the glaſs being drawn up again, the water was very 
manifeſtly re-aſcended. Hence 'tis evident, that the atmoſphere gravi- 
tates more, ceteris paribus, near the ſurface of the earth, than in the more 
elevated parts of the air: for the leads on which we made our trials, were 
found, in perpendicular height, but 75 feet. | 

But for an experiment of the ſame kind, made at a greater height, take 
the following, communicated by Dr. Power. 


On the 15th of Oæober, 1661, we took a weather-glaſs AB, about pig. 84. 


two feet in length, and carrying it to the bottom of Hallifax- bill, the 
water ſtood in the ſhank at 13 inches above that in the veſſel: thence car- 
rying it, thus fill'd, with the whole frame, immediately to the top of the 
ſaid hill, the water fell down to the point D; that is, an inch and a quar- 
ter lower than it was at the bottom of the ſaid hill; which proves the e- 
laſticity of the air: for the internal air AC, which was of the ſame power 
and extenſion with the external, at the bottom of the hill, manifeſted a 
greater elaſticity, than the mountain-air there manifeſted preſſure ; and fo 
extended itſelf further by CD. ; | 

The like experiment, I hear the ſame ingenious perſon has lately re- 
peated, and found the deſcent of the water to be greater than before. 
And tho? ſoine have thought it ſtrange, that, on a hill, far inferior to the 
Alps and Appennines, ſo ſhort a cylinder of water ſhould fall ſo much; 
yet I ſee not any reaſon to diſtruſt, upon this ground, either this expe- 
riment, or ours made at Weſtminſter ; but rather wonder the water fell no 
more, if the hill be conſiderably high: for their ſuſpicion ſeems grounded 
on a miſtake; as if becauſe the quick-ſilver in the Torricellian experiment, 
made without purpoſely leaving any air in the tube, would not at the top 
of the mentioned hill, have ſubſided above an inch, the water, that is near 
14 times lighter, ſhould not fall above a 14th part of that ſpace ; whereas, 
in the Torricellian experiment, the upper- part of the tube has little or no 
air left in it, while the correſpondent part of the weather-glaſs contained 
air, whoſe preſſure was little leſs than that of the atmoſphere at the bot- 
tom of the hill; and conſequently, muſt be much greater, than the preſ- 
ſure of the atmoſphere at the top of the hill. 

Another particular, which confirms our hypotheſis, is that experiment 
made by the ſame M. Paſchal, by carrying a ſlack- blown foot- ball from 
the bottom to the top of an high mountain; for, the foot-ball gra- 
dually ſwelPd, the higher it was carry*d : ſo that at the top of the moun- 
tain it appear'd as if it were full-blown; and became gradually lank a- 
gain, as it was carry*d downwards; fo that at the foot of the hill, it was 
flaccid as before. We have here an experiment to prove our hypotheſis, 
wherein recourſe cannot be had to any body forcibly, and preternatu- 
rally diſtended, ſuch as is pretended to remain in the deſerted ſpace of 

But further, our author's hypotheſis is needleſs ; for he denies not that 
the air has ſome weight and fpring, but affirms it very inſufficient 


ro 


to break in below the bottom of the pipe, and aſcend thro? the water in P:zum aries 
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PxzUMATICS to counterpoiſe a mercurial cylinder of 29 inches. We ſhall, therefore, 


Fig. 85. 


now endeavour to manifeſt by experiments purpoſely made, that the ſprin 


of the air is capable of performing far more than 1s neceſſary to ſolve the 
phenomena of the Torricellian experiment. We took a long glaſs tube, 
ſo bent at the bottom, that the part turned up, was almoſt parallel to the 
reſt of the tube; and the orifice of this ſhorter leg being hermetically ſeal. 
ed, the length of it was divided into inches, each of which was ſub- divided 
into eighths, by a liſt of paper carefully paſted along it: then putting in 


as much quick-filver as filled the bended part of the ſiphon, that the 


mercury ſtanding in a level, might reach, in the one leg, to the bottom 
of the divided paper, and juſt to the ſame height in the other; we took 
care, by frequently inclining the tube, that the air, at laſt included in the 
ſhorter cylinder, ſhould be of the ſame laxity with the reſt of the ait 
about it. This done, we began to pour quick- ſilver into the longer leg 
of the ſiphon ; which, by its weight, preſſing upon that in the ſhorter, 
gradually ſtraitned the included air; and continuing to pour in quick- 
filver, till the air in the ſhorter leg was, by condenſation, reduced to take 
up but half the ſpace it poſſeſs'd before, we obſerv'd, in the longer leg 
of the glaſs, on which was likewiſe paſted a liſt of paper, divided into 
inches and parts, that the quick-ſilver was 29 inches higher than in the o- 
ther. Hence we ſee, that as, according to our hypotheſis, the air, 
in that degree of denſity, and correſpondent meaſure of reſiſtance, where- 
to the weight of the incumbent atmoſphere reduces it, is able to balance and 
reſiſt the preſſure of a mercurial cylinder of about 29 inches; ſo, here, 
the ſame air, brought to a degree of denſity, about twice as great as it had 
before, obtains a ſpring twice as ſtrong; being able to ſuſtain, or reſiſt a 
cylinder of 29 inches in the longer tube, together with the weight of the 
atmoſpherical cylinder, that reſted upon thoſe 29 inches of mercury. 

After ſome other trials, one of which we made in a tube, whoſe longer 
leg was perpendicular; and the other, that contained the air parallel to 
the horizon; we at laſt procured a tube, which, tho? large, was ſo long, 
that the cylinder, whereof the ſhorter leg of it conſiſted, admitted a liſt 
of paper divided into 12 inches, and their quarters; and the longer leg 
another, ſeveral feet in length, and divided after the ſame manner : then 
quick- ſilver being poured in, to fill up the bended part of the glaſs, that 
the ſurface of it, in either leg, might reſt in the ſame horizontal line; more 
quick-filver was pour'd into the longer tube: and notice being taken, how 
far the mercury roſe therein, when it appeared to have aſcended to any of 
the diviſions in the ſhorter ; the ſeveral obſervations that were thus ſuc- 
ceſſively made, and ſet down, afforded us the following table. 
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a1jBjc|D,|E, ' 
12 Joo 29 Tx] 29 r 
113 [01 3077] 3077 | | 
wa oy * — "I — of AA The number of equal ſpaces in the ſhorter 
102 2 77 35 14 35 leg, containing the ſame parcel of air, 
* * 8 14 37 36 35 differently expanded. 
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9 ru 39 1 35 H B The height of the mercurial cylinder in the 
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a TIS 43 44 longer leg, that compreſs'd the air into 
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3478 33] 1734 
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For the better underſtanding of this experiment, it is proper to ob- 
ſerve the following particulars. 1. The tube being very tall, we were 
obliged to uſe it on a pair of ſtairs, which were very well illumined; and 
for preſervation, it was ſuſpended by ſtrings. 2. The lower, and bent 
part of the pipe, was placed in a ſquare wooden box, large and deep, to 
rrevent the loſs of the quick-ſilver. 3. We were two, to make the ob- 
eervation together; the one to take notice at the bottom, how the quick- 
ver roſe in the ſhorter cylinder; and the other, to pour it in at the top 
of the longer. 4. The quick-filver was poured in but ſlowly, according 
to the direction of him who obſerved below. 5. At the beginning of the 
operation, that we might the more truly diſcern where the quick-filver 
reſted from time to time, we made uſe of a ſmall looking-glaſs, held in a 
convenient poſture, to reflect to the eye what we deſired to ſee. 6. When 
he air was crouded into leſs than a quarter of the ſpace it poſſeſſed before, 
ve try'd whether the cold of a linen-cloth, dipt in water, would condenſe 
t; and it ſometimes ſeemed a little to ſhrink, but not ſo manifeſtly, that 
ve dare build upon it. We then try'd likewiſe whether heat would dilate 
t; and approaching the flame of a candle to that part where the air was 
ent up, it had a more ſenſible operation than the cold before; ſo that 
e ſcarce doubted the expanſion of the air would, notwithſtanding the 
eight that oppreſſed it, have been made conſpicuous, if the fear of break- 
g the glaſs had not kept us from increaſing the hear. 


This 
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Pxzvmarics This ſufficiently proves the principal thing for which I here alledge it; 


ſiuce it is evident, that as common air, when reduced to half its natural 


extent, obtained a ſpring about twice as forcible as it had before; ſo the 
air thus compreſſed, being farther crouded into half this narrow room 
thereby obtained a ſpring as ſtrong again as that it laſt had, and conſe. 
quently four times as ſtrong as that of common air. And there is no 
cauſe to doubt, that if we had been furnifhed with a greater quantity 
of quick-ſilver, and a very ſtrong tube, we might, by a further compref. 
ſion of the included air, have made it balance the preſſure of a far ta]. 
ler and heavier cylinder of mercury. For no man perhaps yet knows 
how near to an infinite compreſſure the air may be reduced by a force 
competently increaſed. So that here our author way plainly ſee, the 
ſpring of the air can reſiſt, not only the weight of 29 inches, but in ſome 
caſes above 100 inches of quick-ſilver ; and this without the aſſiſtance of 
his Funiculus, which, in our preſent caſe, has no pretence to be employ'd. 
And to ſhew that the weight of the incumbent atmoſphere, made a part 
of the weight reſiſted by the impriſon'd air; when the mercurial cylinder, 
in the longer leg of the pipe, was about 100 inches high, we cauſed a man 
to ſuck at the open orifice, whereupon the mercury in the tube conſide- 
rably aſcended ; which phenomenon cannot be aſcribed to our author's 
Funiculus; ſince, by his own confeſſion, that cannot pull up a mercurial 
cylinder of above 29 or 30 inches. And therefore the preſſure of the at- 
moſphere being in part taken off, by expanding itſelf into the man's di- 
lated cheſt, the impriſoned air was thereby enabled manifeſtly to dilate 
and repel the mercury that 1 it, till there was an equality of 
force betwixt the ſtrong ſpring of the compreſſed air on the one part, and 
the tall mercurial cylinder, with the contiguous dilated air, on the other. 
Now, if to what we have delivered concerning the compreſſure of the 
air, we add ſome obſervations of its ſpontaneous expanſion, it will the 
better appear, how much the phenomena of theſe mercurial experiments 
depend upon the different meaſures of ſtrength to be met with in the ait 
ſpring, according to its various degrees of compreſſion and laxity. 


A TABLE 


. es 
* 


The Pneumatical Experiments defended. 673 


A TABLE of the Rarifattion of the ATR. Prrumarrcy 
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* To make the experiment of the debilitated force of expanded air the 
plainer, we muſt mention ſome particulars, eſpecially with relation to the 
manner of performing it. 1. We made it on a light pair of ſtairs, and 
with a box lin'd with paper to receive the mercury that might be ſpilt; 
and in a glaſs tube about fix feet long, hermetically ſealed at one end. 2. 
We alſo provided a ſlender glaſs pipe about the bigneſs of a ſwan's quill, 
and open at both ends, all along which was paſted a narrow lift of paper, 
divided into inches and half quarters. 3. This ſlender pipe being thruſt 
into the greater tube, almoſt filled with quick-filver, the glaſs helped to 
make it ſwell to the top of the tube; and the quick- ſilver getting in at 
| the lower orifice of the pipe, filled ir up till the mercury included in that, 
woas near upon a level with the ſurface of the ſurrounding mercury in the 

tube. 4. There being little more than an inch of the ſlender pipe left 
above the ſurface of the ſtagnant mercury, and conſequently unfilPd there- 
with, the prominent orifice was carefully cloſed with melted ſealing-wax z. 
* after which the pipe was let alone for a while, that the air, dilated by the 
heat of the wax, might, upon refrigeration, be reduc'd to its wonted denſity. 
And then we obſerved, by help of the liſt of paper, whether we had 
included more or leſs than an inch of air, and in either caſe, we rectified 


* «© The open air, in which we breathe,” * rarer than at the ſurface of the earth; and 
ſays Sir 1/aac Neroton, “ is 8 or goo times | ** at the height of 14 miles it is 16 times 
« lighter than water, and by conſequence | *©* rarer than at the ſurface of the earth; and 
«« or 900 times rarer. And fince the air | * at the height of 21, 28, or 35 miles, it 
« is compreſſed by the weight of the in- | © is reſpectively 64, 256, or 1024 times ra- 
cumbent atmoſphere, and the denſity of | © rer, or thereabouts; and at the height 
« the air is proportionable to the compreſ- | of 70, 140, and 210 miles, it is about 
« ſing force, it follows, by computation, | ©* 1.000000, 1.000000.000000,0r 1.000000. 
+ * that at the height of about ſeven Engliſh | © oooooo. oo.“ &c. Newiom. Optic. 
= © miles from the earth, the air is ſour tim | p. 341, 342. 
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wards cloſed it up again. 5. Having thus included a juſt inch of ai: 
we lifted up the ſlender pipe by degrees, till the air was dilated to the 
inch, an inch and a half, two inches, Cc. and obſerved, in inches and 
eighths, the length of the mercurial cylinder, which at each degree of 
the air's expanſion was impelled above the ſurface of the ſtagnant mercy. 
ry. 6. The obſervations being ended, we preſently made the Torricelig 
experiment with the above-mentioned large tube, ſix feet long, that ye 
might know the height of the mercurial cylinder for that particular da 

and hour, which we found to be 29 inches and three quarters. 5, Our 
obſervations, made after this manner, furniſhed us with the Preceding 
table, in which there would not probably have been found the difference 


here ſet down betwixt the force of the air, when expanded to double jt; 


former dimenſions, and what that force ſhould have been preciſely, ac. 
cording to the theory, but that the included inch of air received ſome lit. 


tle acceſſion during the trial; which this difference cauling us to ſuſpect, 


we found, by plunging the pipe again into the quick- ſilver, that the in- 
cluded air had gained about half an eighth; which we gueſs'd to hare 


come from ſome little aerial bubbles in the quick-filver contained in 
the pipe. 


Here we find, that the inch of air, when firſt included, ſuſtained no 
other preſſure than from the incumbent air, and was no more compreſſed 


than the reſt of the air we breath*d and mov'd in; that this inch of air, 


when expanded to twice its former dimenſions, was able, with the help 


of a mercurial cylinder of about 15 inches, to counterpoiſe the weight 
of the atmoſphere; and that this was impelled up into the pipe by the 
external air gravitating upon the ſtagnant mercury, which alſo ſuſtained 
above 28 inches of mercury, when the internal air had its ſpring too far 


-weakened to make any conſiderable reſiſtance ;3 from whence it is plain, 
that the free air here below is almoſt as ſtrongly compreſſed by the weight 


of the incumbent atmoſphere, as it would be by the weight of a mercurial 


cylinder 28 or 30 inches high; and conſequently is not in ſuch a ſtate of 
laxity as men uſually imagine; but acts like ſome mechanical agent, 
with a force decreaſing, in a ſtricter proportion to its. increaſe of di- 
menſion, than has been hitherto taken notice of. h 
And hence at length we ſee, that our author's hypotheſis is unneceſſary 
to ſolve the phenomena in diſpute 3 which is no ſmall acquiſition, ſince 
the two principal things that induced him to reject our hypotheſis, are, 
nature's abhorrence.of a vacuum; and that, tho? the air have ſome weight 
and ſpring, yet theſe are inſufficient to make out the known phenomena; 
for which we muſt therefore have recourſe to his Funiculus. But he has 
not diſproved a vacuum, yet we have manifeſted, that the ſpring of the 
air may perform greater things, than what our explanation of the Torr: 
cellian experiments, and thoſe-of our engine, require. 
We come now to the laſt part of our defence, wherein we are to conſi- 


der what our author objects to ſome particular experiments. . 
gain 
DO 
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Againſt our firſt experiment he objects nothing, but that, by applying 
the finger to the orifice of the valve, when the pump 1s freed from air, the Pari 
ſucker will not appear to be thruſt inward by the external air, but as the pneumatica! 
finger, to be drawn inwards, by the internal. But this phenomenon has * * N 
been formerly accounted for upon our hy potheſis. . hee? Vended. 
Of our third experiment he ſays, that ** it very well agrees with his 
« principles; for ſince by this depreſſion of the ſucker, the air in the ca- 
« vity of the cylinder, is ſeparated from the cylinder, and deſcends, to- 
<< gether with the ſucker, in that whole depreſſion, new ſurfaces are ta- 
& ken from that deſcending air, and ſtretched out, as in the caſe of de- 
e ſcending water. Since therefore ſuch ſurfaces are as eaſily ſlipt off, and 
« extended at the end of the depreſſion as at the beginning, it is: no 
« wonder there ſhould be the ſame difficulty of depreſſing in both ca- 
« ſes.” By which he ſeems to intend an oppoſition to a part of the 
third experiment, which I oppoſed not againſt his opinion; yet he offers 
nothing at all to invalidate my inference ; but inſtead of that, propoſes. 
a detence of his own opinion, which ſuppoſes the truth of his hypotheſis ; 
and is unſatistactory, even according to that, or elſe diſagrees with what 
himſelf hath taught us but a little before. For it is evident, that the 
more the ſucker is depreſſed, the more the cylinder is exhauſted of air. 
And ſpes king of the air in the receiver, he affirms, that © it is the 
„ more extended and rarified, the more is drawn out; and therefore 
& acquires che greater force to contract itſelf,” Tho' here he would 
have us believe, that the little internal air in the cavity of the ſhank 
of the ſtop-cock, as ſtrongly attracts the ſucker, or reſiſts its depreſ- 
ſure, when the ſucker is near the top of the cylinder, as when being 
forced down to the lower part thereof, the ſame portion of remain-- 
ing air muſt be exceedingly more diſtended. , 
To the fourth experiment our author objects nothing, but endeavours: 
to explain it his own way, whereto he ſays this circumſtance excellently 
agrees, that upon the return of the external air into the receiver, the tu- 
mid bladder immediately ſhrinks ; becauſe the air in the receiver, which: 
drew the ſides of the bladder outward, from the middle of it, is hereby 
relaxed; which explication, whether it be more natural than ours, let any 
one judge, who has conſider'd what we have alledg'd againſt the Funiculus. 
To the breaking a glaſs receiver, not of a globular figure, by exhauſt- 
ing moſt of the internal air, whereby its diminiſh'd preſſure became unable 
to reſiſt that of the outward air, our author confidently ſays, <* it ſeems: 
incredible, that the moſt ſoft air ſhould ſo vehemently compreſs ſuch a 
„ glaſs, on all ſides, as to break it.” As if it were more credible, that 
the air within, ſhould be able to act more powerfully upon the glaſs, than 
that without, which himſelf confeſſes to be a heavy body; and which not 
only reaches from the ſurface of the earth, to the top of the higheſt moun- 
tains, but may, for ought we know to the contrary, be heaped upon the- 
receiver, to the height of ſome hundreds of miles. 
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Pxzuxarrcs Aﬀer a recital of the ninth experiment, he propoſes his objection to i: 
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thus. But this ſeems far removed from truth, becauſe, if the preſſur 
of the air, which deſcends by that tube into the vial, be ſo great 28 10 
e break the vial itſelf, it ſhould certainly firſt very much move the ware; 
« in which the tube is immerſed, excite bubbles in it, Ec. yet it is certin. 
« that the water, before the vial breaks, doth not move at all.” But for 
all this, I think our explanation true; for we put the water into the vial 
that was broken, upon a particular deſign ; and in the ſecond trial, the 
water was omitted. But notwithſtanding this water, the ſides of the gaz 
being expoſed to the preſſure of the atmoſphere, wholly ſuſtained it, be. 
fore the exhauſtion of the receiver; ſo that there needed no ſuch blowing 
in of the air afreſh, as our author imagines, to break the vial ; it being 
ſufficient for that purpoſe, that the preſſure againſt the convex ſuperficis 
of it, was taken off, by exhauſting the receiver ; the preſſure againſt the 
concave ſuperficies, remaining as great as ever. And therefore we need 
not altogether deny what he ſays, that ** tho* the tube had been cloſed 
at the top, the vial would ſtill have broke.” For ſince, in ſuch cats, 
the air is ſhut up, with the whole preſſure of the atmoſphere upon it, 
this may almoſt as eaſily break the glaſs, as if it were unſtopt ; and 
accordingly we mention the breaking of a thin glaſs, hermetically ſcaled, 
upon the extraction of the ambient air. But as confidently as our au- 
thor ſpeaks, ſuch thin vials are ſubject, upon withdrawing the ambient 
air, to ſtretch a little ; whereby the ſpring of the included air, may, in 
ſome caſes, be ſo far weakened, as not to be able to break them, un- 
leſs affiſted by the preſſure of the atmoſphere z and when the vial actually 
begins to break, the enſuing preſſure of the outward air , upon that 
within the vial, may help to throw the parts of the glaſs more forci- 
bly aſunder. 

The author having recited our conjecture, as to the reaſon why two 
flat ſmooth marbles ſtick ſo cloſely together, approves my way of exa- 
mining that conjecture. But I ſay, tho? the marbles were kept together, 
by the preſſure of the ambient air, yet they did not fall aſunder in our ex- 
Hauſted receiver, becauſe of ſome ſmall leak in the receiver; yet he tells 
us, with his uſual confidence, that this very experiment ſufficiently ſhews, 
that opinion falſe. But poſſibly he would have ſpoken leſs reſolutely, i! 
he had made all the trials, about the adheſion of marbles, that I have. For 
he ſpeaks, as if all that we aſcribe to the air, in ſuch experiments, were 
to ſuſtain the lower marble, with the weight perhaps of a few ounces 3 
whereas, if the air be wholly kept from getting between the ſtones, it may 
ſuſtain a weight equal to that of a pillar of air, as broad as the baſis of the 
lower marble, and as high as the atmoſphere ; or to the weight of a co- 


_ Jumn of quick-filver, of the ſame thickneſs, and about 30 inches long. 


And therefore, ſince when we had exhauſted our receiver, as far as we 


could, there remained air enough to ſuſtain in the tube, a cylinder of 


quick-filver an inch high; and ſince the broader the contiguous marbles 


are, the greater weight faſtened to the lowermoſt, may be ſuſtained bY 
due 
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the reſiſtance of the air; it is no wonder, that the air remaining in the 
receiver, ſhould ſupport the lowermoſt marble, whoſe diameter was near 
two inches, and a weight of four ounces ; thoſe two weights being inferior 
to that of a mercurial cylinder of the ſame diameter, and an inch in 
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length; and tho? they were not, yet perhaps the receiver was leſs emp- 


tied when we made the 31ſt experiment, than when we made the 17th. 
And it was with the ſame pair of marbles that, before an illuſtrious aſſem- 
bly, the uppermoſt drew up the lowermoſt, tho? clogg'd with a weight 
of above 430 ounces, 5 

As for the account our author gives of this phenomenon, few, I believe, 
will acquieſce in it; for, not to inſiſt upon the objection which himſelf 
takes notice of, that, according to him, the diſtended air in the receiver, 
ſnould draw the adhering marbles aſunder, his explanation ſuppoſes, that 
there cannot naturally be a vacuum; whence he infers, that ** the ſtone 
could not deſcend, but by leaving ſuch a thin ſubſtance behind it, as 
% happens in the deſcent of quick- ſilver, or water.“ He adds, that the 
——_ in our caſe proves obſtinate, becauſe ſuch a ſubſtance is far more 
difficult to be ſeparated from marble, than from quick-ſilver, or any other 
kind of body; but this aſſertion is precarious. And tho? I have made nu- 
merous experiments with ſtones of 8 ſizes, yet I could never find that 
by their coheſion, they would ſuſtain a weight greater than that of a pillar 
of the atmoſphere, that preſſed againſt the loweſt; which is a conſidera- 
ble circumſtance, that much better agrees with our explanation than with 
his. 

Of the ſudden extinction of animals included in our receiver, which I 
aſcribe to the exceſſive thinneſs of the air therein, he ſays, it ſeems im- 
<< poſſible they ſhould die ſo ſoon, merely thro' want of a thick air ;*” 
but gives no other reaſon, than the ſuddenneſs of the effect; which too 
ſeems grounded upon a miſtake; for the creatures he mentions, were a 
bee, a fly, and a caterpillar 3 and thoſe included in a ſmall receiver, which 
could be ſuddenly exhauſted ; and theſe indeed became moveleſs within 
a minute. And tho? theſe inſects did in ſo ſhort a time grow moveleſs, 
yet they were not ſo ſoon kill'd, as appears by the narrative. The ſan- 
guineous animals, that did indeed die, were kill'd more ſlowly. And ha- 
ving purpoſely enquired of a diver, how long he could, before he was 
accuſtomed to dive, remain without breathing, or the uſe of a ſpunge ; 
he told me, that at firſt he could hold out about two or three minutes 
at a time; which made me think, that divers become able to conti- 
nue under water ſo long, either by a peculiar conſtitution of body, or 


a gradual exerciſe. And I am apt to think, that, as it is uſual, he 


hereby meant a much ſhorter time than, when exactly meaſured, it 
amounts to. For having made trial upon two live moles, one of them 
included in a ſmall receiver, was between two and three minutes in 
killing; whereas the other being detained under water, did not there 
continue full a minute and a quarter, before it finally ceaſed from gi- 
ving any ſign of life. Hence it is not impoſſible, that the want of 


ref] piration 
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Puzvmartcireſpiration ſhould diſpatch an animal in as little time as is mentioned 

n dee experiment. And indeed, our author ſhould either have proved 
it impoſſible, for the want of air to deſtroy animals ſo ſoon ; or have 
given us ſome better account of the phenomenon. 

It were a needleſs taſk to examine any more of our author's obje- 
ctions to particular experiments, ſince they wholly proceed upon the 
ſuppoſition of his Fuxiculus ; which has been ſufficiently proved à chi. 
mera; whereas the ſpring, as well as the weight of the air, is not only 
allowed by himſelf, but demonſtrable by experiments uncontrovered 
betwixt us. 


Mr. HO BBS 


Mr. HOBBS's 


Phyſical Dialogue, 


Nami of the at 


EXAMIN'D, 


With relation to the Phyſico- mechanical Experiments 
of the Spring and Effects of the AIR. 
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R. Hobbs, in diſputing againſt me, ſeems generally to have miſ- 73, 94jgze 
apprehended my notion of the air. For when I ſay the air has and ſpring of 
gravity, and an elaſtic power; or, that the air is, in great part, % air Mert. 

pump'd out of the receiver; it is plain that I take the air, in the obvious 
ſenſe, for part of the atmoſphere, which we breathe, and wherein we 
move; nor do I find that any other of my readers underſtand me othet- 
wiſe. But Mr. Hobbs thinks he has ſufficiently confuted me, if in ſonie 
caſes he proves, that there is a ſubtile ſubſtance, or zther, in ſome places, 
which I take not to be filled with air; and that the æther has, or wants 
ſome properties, which I deny, or aſcribe to the air; but I do not deny 
that the atmoſphere, or fluid body, which ſurrounds the terraqueous 
globe, may, beſides the groſſer, and more ſolid corpuſcles, wherewith it 


abounds, conſiſt of a thinner matter, which, for diſtinction ſake, I alſo 
agree to call zthereal. | Sue: 


But he does not, that I remember, deny the truth of any of the matters 
of fact I have delivered; nor attempt to prove, that the explanations I 
have given of my experiments, are contradictory to the doctrine I ad- 


vance 3 but rather rejects our two grand hypotheſes, the weight and ſpring 
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Pxzvxarice of the air. It will here therefore ſuffice to prove, what he is unyj. 
| | ling to grant, . 


And firſt, that the air, in my ſenſe of the word, is not deſtitute gr 
weight, we have ſhewn by various experiments; one of them is, that 
blown bladder, carefully weigh'd in an exact pair of ſcales; was found 
manifeſtly heavier when full of air, than when empty of air. 

Secondly, It has alſo been obſerved, that an æolipile being well heat. 
ed, and the little orifice left at the top of the pipe, being ſtopt yiig 
it was thus hot; upon opening of this hole, when the æolipile was gyn 
cold again, the external air ruſhing in at the fore-mentioned orifice, uu. 
ſed the æolipile to weigh ſo much more than it did juſt before the e. 
ternal air got in, as amounted to near 1000th part of the weight gf 
an equal bulk of water. ; | 

Thirdly, In the Magdeburgic experiment, the great receiver they ver 
to exhauſt, being weigh'd both before and after the extraction of the air, 
they found the difference to be one ounce , which,“ ſays the learned 
Schottus, is a very clear demonſtration of the gravity of the air.” 

Fourthly, We have weigh'd the air ſhut up in bodies, in our exhauſt. 
ed receiver, wherein of two materials, different in nature, a blown bly. 
der, and a glaſs bubble, each equi-ponderant to a more ſolid weight, be- 
fore the air was pumped out, we found that which included a large quan- 
tity manifeſtly to preponderate after the exhauſtion. To theſe we might 
add other proofs to the ſame purpoſe ; but theſe afford ſuch a variety of 
caſes, that it would be ſuperfluous. | 

Let us now fee what Mr. Hobbs objects againſt the experiment of the 
bladder weighed in the exhauſted receiver; for he quarrels not with the 
reſt. That the ſcale which contains the bladder, is more depreſſed than 
the other, they may be certain by ſight ; but that this proceeds from 
<< the natural gravity of the air, they cannot be certain, eſpecially if they 
*© know not the efficient cauſe of gravity.” But can we not be ſure, that 
lead is, in ſpecie, heavier than cork, unleſs we know the efficient cauſe of 
gravity? The reaſon he gives why the bladder outweighs, is this: That 
«© the bladder, whether blown up with a pair of bellows, or with human 
<< breath, is heavier than when flaccid, I will not deny, becauſe of the 
greater quantity of atoms, or of fuliginous corpuſcles; but there is 
nothing certain in this experiment. They ought to have put into the 
*< ſcales two veſſels of equal weight, whereof one ſhould be ſhut, and the 
** other open; for thus air, not blown in, but barely incloſed, had been 
«© weighed ; when therefore air ſhall be ſo weighed, we will afterwards 
* conſider what may be ſaid to the phenomenon.” The firſt part of this 
paſſage does not deny the gravity of that we call air, but only endeavours 
to ſhew what parts they are that make it heavy. And as to the ſecond, he 
ſeems to miſtake the preſent caſe ; for there is no need that the air in the 
bladder, before the exhauſtion of the receiver, ſhould be heavier than the 
outward air. Wherefore when he ſubjoins, that from this experiment ve 


can deduce nothing certain, the affirmation is precarious. And Mr. 91 
| 11 
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might eaſily have perceived, that we did 'make a trial much of the ſame PrnymATiCe 
_ _— he deſires; for we weigh'd the air in a glaſs, hermetical- 
ly ſealed, wherein it was not blown in, but barely included. And fince, 
in his elements of philoſophy, he grants, and gives his reaſon for it, that 


1 * if air be blown into a hollow cylinder, or into a bladder, it will increaſe 


the weight of either of them a little; and ſince here he likewife con- 
feſſes, that there are mixed with the æther, many aqueous and earthy par- 
ticles; he confeſſes, that the air is not deſtitute of weight; and it con- 
cerns us no more than himſelf, to ſhew how the corpuſcles, upon whoſe 
account the air is heavy, make it ſo. 6427 if 
This is all which Mr. Hobbs, in ſeveral places, thinks fit to object a- 
gainſt the gravity of the air; leaving the experiment of the zolipile, and 
ſome others, unanſwer*d ; which alone prove the air has a manifeſt weight, 
even when uncompreſs'd, and in its laxity. Let us now examine whether 
the air has not alſo a ſpring. This, tho” he calls it (as he likewiſe does the 
weight of the air) a dream, yet himſelf in effect grants all that is requiſite 
to prove the ſpring of the air. For delivering that known experiment, 
wherein the air is compreſſed in a glaſs bottle, by the forcible injection of 
water, which, when the glaſs 1s unſtopt, the air again throws out, in re- 
covering its former dimenſions ; he ſays, that the air, with which the 
„ ſpherical glaſs was filled, being moved by earthy corpuſcles, in a ſim- 
ple, circular y1otion 3 and being compreſſed by the force of the inje- 


Fig. 86. 


| © ion, that of it, which is pure, gets out into the open air, and gives 


place to the water. It follows, chat theſe earthy corpuſcles have leſs 


' © ſpace left, wherein to exerciſe their natural motion; therefore beating 


one upon another, they force the water to fly out, when the external air 


1 penetrates it, and ſucceſſively takes up the place of the evacuated air, 
till the corpuſcles of the ſame quantity of air being reſtored, regain a 
liberty natural to their motion.” But to paſs by ſeveral other of his 


conceſſions to this purpoſe, we can prove the ſpring of the air by many 
phenomena of our engine, of which he offers no other explanation. 
If the Torricellian experiment be made in a tube, between two feet and 


a half, and 3 feet in length; and if, when the mercury reſts at its wonted 


ſtation, you dextrouſly ſtop the orifice of the tube with your finger, that 
orifice being raiſed as near the ſurface of the ſtagnant mercury as poſſible, 


without admitting the external air; if then you quite liſt up the tube, 


thus ſtopt, into the free, air, you ſhall feel upon your finger little or no 


preſſure from the weight of the mercurial cylinder, diſtinct from the 


weight of the tube; becauſe the gravity of the quick · ſilver is balanced by 
that of the outward air, which thruſts your finger againſt it; but if you 
invert the tube, and having let in the air at the orifice, ſtop it again with 
your finger, and again let the mercurial cylinder reſt upon that finger, you 


vill find your finger ſtrongly preſs'd, and ready to be thruſt away; which 
neu preſſure, ſince it cannot come from the mercury, nor from the weight 


of the admitted air, to what can we rationally aſcribe it, but to the ſ pring ' 


[4 of the included air? And the force hereof will be as well manifeſt to the 
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682 


De Paeumatical Experiments defended. 


PX 2 eye, as the finger, if the tube be unſtopt under the ſurface of the ſtagnant 


o 
— 


mercury; for then that in the glaſs will not reſt, as before, at the uſu 
ſtation, but be depreſſed far beneath it. And if you make the Toryicz;z, 
experiment in a ſhort open tube, ſtopt above and below with your finger 
upon unſtopping the upper orifice, a new and forcible preſſure will be fl 
upon the finger that ſtops the lower orifice, made by the gravitation of the 
external air, which was before kept from reſting upon the mercuriz] cy- 
linder by che upper finger, the pulp of which, by that gravitating alt, 
was before thruſt into the deſerted cavity of the tube; which denon. 
ſtrates both the ſpring of the air, and the gravity of the atmoſphere, 
But to the experiment of the ſwelling and ſhrinking of a bladder, hung 
in our receiver, as the ambient air is withdrawn, and ſuffered to return, 
Mr. Hobbs replies, that every ſkin is made up of ſmall threads, or fil. 
© ments, which, by reaſon of their figures, cannot exactly touch in al 
% points. The bladder therefore being a ſkin, muſt be pervious, got 
* only to air, but to water alſo ; whence there is the fame compreſlire 
„ within the bladder as without. The endeavour of which (the way of it 
© motions being every way croſs) tends to the concave ſuperficies of the 
bladder; wherefore it muſt of neceſſity ſwell every way, and the vehe. 
© mency of the endeavour increaſing, be at laſt torn.“ But if this be a 
ſufficient anſwer to ſuch an experiment, I fear it will be harder than we 
are yet aware of, to prove any thing by experiments. For firſt, hoy 
improbable is it, that ſuch bladders as we uſed, are readily pervious to 
the air; when eaſy experience ſhews us, that by leiſurely compreſſing 


ſuch blown bladders betwixt our hands, we ſhall rather break them, than 


ſqueeze out the air at their pores? So that the reſt of his anſwer being 
built upon what is ſo repugnant to common experience, will not need a 
particular confutation; however, we ſhew, that by the exhauſtion of the 
air, even a glaſs, hermetically ſealed, was broke; and to ſay, that glas 
alſo is pervious to the air, were to affirm what the greateſt part of his book 
ſuppoſes to be falſe. Beſides, there is not any ſenfible ee 
Hhenomenon, to prove that the receiver is full of any ſuch air as he ſpeaks 
of; for we ſee plainly, that when the air manifeſtly gets into the receiver, 
the bladder is not thereby made to ſwell, but to ſhrink. Moreover, ac- 
cording to Mr. Hobbs, the bladder is pervious to the air; and the air 
Within the receiver is univerſally compreſſed, as well that which is within 
the bladder, as that which is without it; how then comes the air, that bears 
ægainſt the convex ſurface of the bladder, not to refift that which is cont! 
gubus to che concave ſuperficies of the fame ; at teaft,haw comes the blad- 


der tobe broken by the air, which, according to Mr. Hobbs, can get in 


and out at pleaſure? And laſtly, to ſnew, that to the ſwelling of the blad- 
der, there needs nothing but the ſpring of the included air; and no ſuch 
vehement agitatien of the ambient air, as he ſuppoſes in our engine 
it appears by the experiment of M. Paſchal, that in the free and ordin:- 
ry air, a foot-ball, half blown, will gradually fwell, the nearer it 18 * 
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ed to the top of an high-mountain, where the incumbent cylinder of the 
| 4 55 ſhorter, and its weight the leſs; and wall for the contrary 
reaſon, grow more flaccid, thenearer it approaches to the foot of the moun- 
can. 2 e | af g 

Mr. Hobbs attempts to explain the phenomena of our engine, by ſup- 
poſing, that *© many earthy particles are interſpers d with the air, which 
<« have a ſimple, circular motion, congenite to their nature; and that there 
« js a greater quantity of theſe partie les in the air, near the earth, than 
c remote from it,” But this aſſumption, to me, ſeems very precariqus:z 
for I know no unqueſtionable example or experiment, whereby it can 
be made out, that any ſmall parcel of matter has ſuch a ſimple, circular 
motion, as he aſcribes to each of theſe innumerable earthy, and as he 
adds, aqueous particles. The only argument he here brings to prove, 
that each atom would have this motion, if all the reſt of the earth were 
annihilated, does not ſeem clear tame, For it is not always true, that 
cach minute part of a homogeneous: bedy, has, in every reſpect, the fame 
qualites with the whole; as the roundneſs which a ſmall drop of water, 
or quick-ſilver, is obſerved to have upon a dry plain, is not to be met with 
in a large portion of either of theſe fluids, tho* plac'd upon the fame plain. 
And Mr. Hobbs, as well as we, makes the terreſtrial atoms in the air to 
have gravity 3 a quality that does not properly belong to the whole globe 
of the earth: nor is it manifeſt why, becauſe the terreſtrial globe moves 
in a vaſt circleabout the ſun,each particular atom of it muſt deſcribe a ſmall 
circle in the air, about I know not what center. And tho? he aſſerts, that 
the air, near the earth, abounds with ſuch terreſtrial corpuſcles, *tis not 
likely they ſhould have ſuch a regular motion, as he attributes to them; 
but ſtriking againſt one another, they muſt, in probability, be put into 
almoſt as various, and confuſed a motion, as Des Cartes aſcribes to his 
terreſtrial particles, ſwimming in the atmoſphere. | 

Mr. Hobbs farther endeavours to prove, that by the exhauſtion of our 
cylinder, no vacuum is produc'd ; and gives a very different account of the 
experiment itſelf: he ſays, that while the ſucker is drawn back, the more 
<* ſpace is left within, the leſs is left to the external air; which being 
<< thruſt backwards, by the motion of the fucker, towards the outer- 
<< moſt parts, moves, in like manner, the contiguous air; and that the 
* next; and fo forwards : ſo that of neceſſity, at laſt, the air muſt be 
* compell'd into the fpace deſerted by the ſucker, and enter between the 
** convex ſurface of the ſucker, and the concave of the cylinder. For, 
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the parts of the air being infinitely ſubtile, muſt inſinuate themſelves 


that way by which the ſucker is drawn down; ſince the contact of 
** thoſe ſurfaces cannot be perfect in all points, becauſe the ſurfaces them- 
** ſelves cannot be made infinitely ſmooth : and then that force, which is 
applied to draw back the ſucker, in ſome meaſure diſtends the cavity of 
the cylinder; and if, betwixt the two ſurfaces, one ſingle hard atom 
*+* ſhould enter, pure air will enter by the ſame way, tho with a ſmall 
* force. And thus air, for the ſame reaſon, inſinuates itſelf through 
Sſſſ 2 | ** the 
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Pxxvnarics6 the valve of the cylinder; and, therefore, the retraction of the ſucker 


of the cyli 


& will not prove a vacuum. It follows, alſo, that the air, which is dri. 
e ven up into the ſpace deſerted by the ſucker, becauſe it is forcibly im. 
e pell'd, has a very ſwift and circular motion, betwixt the top and the 
e bottom of the cylinder; becauſe there is nothing there to weaken it 
* motion; and nothing can give motion to itſelf, or diminiſh it,” gut 
many exceptions may be made to this reaſoning. And firſt,” I know ng: 


why Mr. Hobbs ſhould here confine his diſcourſe to the pump, withgy, 


taking notice of the glaſs it isdeſign*d to evacuate, We will, therefore, 
conſider —— ay can account for the exhauſtion of the receiver, as wel] ;; 

linder, ſince we uſually employ them both together. And he he. 
ing obliged to explain the exhauſtion of the one as well as the other, it 
will be convenient to take into conſideration the receiver, becauſe that he. 


ing of glaſs, and tranſparent, we can better ſee what happens in it, than 


in the opake cylinder. This premis'd, I do not clearly perceive, by this ex. 
planation, how he avoids a vacuum; for according to his firſt words, the 


external air is diſplac'd by the motion of the ſucker outward, and this 


diſplac'd air muſt move that which is next to it; and that the nexr, 
and ſo onward, till at length, the air muſt be compelPd into the ſpace 


deſerted by the ſucker: ſo that till this returning air get in betwixt the 


ſucker and the cylinder, how appears it, from this diſcourſe, that the de. 
ſerted ſpace was not empty for ſome little time ? Certainly all theſe mo- 
tions of the air, forward and backward, could not be perform'd in an 
inſtant; as may appear by the motion of ſounds and echoes, whoſe velo- 
city is reducible to meaſure. Secondly, tho' he takes his adverſaries to be 
vacuiſts, yet he here ſuppoſes the plenitude of the world. I wiſh, thirdly, 
that Mr, Hobbs had declar*d, from whence the return of the air's impulſe 
would begin; for that may well be required from one, who making the 
world full, and, for ought appears, fluid, allows us to believe it infinite, if 
the magiſtrate ſhall enjoin us that belief. Fourthly, I demand, what ne- 
ceſſity there is for ſo forcible a return of the impulſe, as is requiſite to 
thruſt in the air at ſo narrow a paſſage as that between the ſucker and cy- 
linder? For, why may not that impulſe, when diffuſed in the vaſt ambient 
medium, be ſo communicated, and blended among the different motions 
of the other parts of it, as not to return again from whence it begun? 
As a voice, tho' ſtrong, will not move the air, beyond a certain diſtance, 


/ ſmartly enough to be reflected in an echo, to the ſpeaker; and as a ſtone 


caſt into a lake, will have the waves, it makes, diverted from returning 
to the place they began at. Fiſthly, I do not likewiſe ſee, that 'tis pro. 
bable, what Mr. Hobbs affirms of ſo thick a cylinder as ours, that it ſhould 
be diſtended by depreſſing the ſucker. But this I inſiſt not on; the prin- 
cipal thing, peculiar in Mr, Hobbs's explanation, is, that as much air as 1s 
driven away by the ſucker, preſently gets in again, betwixt that and the 
cylinder. But, by the air thus ſuppos'd to get in, he either means in the 
uſual ſenſe, and in ours, the common air, ſuch as we live and breathe in; 
or, he does not. | i 
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Tf he ſpeaks of ſuch air, I can plainly prove, by ſeveral experiments, Puno T1C8 


that our engine is, in great part, deſtitute of it. For, firſt, if there be a 
contrivance made, whereby the whole pump may be covered with water, 
we may, as we have try'd, plainly fee the air that is drawn out of the re- 
ceiver, at each reciprocation of the ſucker, paſs in great bubbles out of 
the valve thro? the water. ; 

Next, it appears by the Magdeburgic experiment, that, by reaſon of the 
receſs of the air, the globe of glaſs, whence it went out, was diminiſh'd 
in weight, above an ounce. Thirdly, the ſame truth may be prov*d by 
the experiments formerly mention'd, of the ſwelling of the bladder, and 
the breaking of an hermetically ſeal'd glaſs, upon the receſs of the am- 
bient air; theſe experiments having been already vindicated from Mr. 
Hobbs's very improbable ſolutions. F ourthly, the ſame ma be prov'd by 
the breaking of weak, or ill-figur'd receivers, inwards ; of which, on our 
hypotheſis, the reaſon is clear; but not on his. And, fifthly, what I con- 
tend for, may be ſufficiently proved from this one phenomenon 3 that tho?, 
if the receiver being full of common air, the key be turn'd under water, 
the water will not at all aſcend to the open orificez yet the like being 
done, after the exhauſtion of the receiver, we have had ſeveral gallons of 
water violently impell'd into the cavity of the glaſs: which could nothap- 
pen, if it were full of air, both in regard there can be no probable cauſe 
aſſign'd why the water ſhould be thus ſpurted up; and becauſe the recei- 
ver being already full of air, either two bodies mult be contain'd in one 
place, and ſo we muſt allow penetration of dimenſions; orelſe common air, 
to which glaſs is impervious, muſt paſs thro? the water; which, we con- 
clude, it does not, becauſe no ſuch bubbles are made in the external wa- 
ter, as would appear, if common air paſs'd thro? it. Nay, ſo little of this 
common air was, ſometimes, left in the globe uſed at Magdeburg, that when 
the water was ſuffer'd to ruſh in, it reduced the air into leſs than the 
thouſandth part of the capacity of the globe; and even if our receiver be 
unſtopped, not under water, but in the open air, the ambient air will, 
violently, preſs in, with a great noiſe, durable enough to argue, that the 
glaſs was far from being full of ſuch air before. 

And thus we may argue againſt Mr. Hobbs, if he would have the 
engine, when we call it exhauſted, fill'd with common air; as his words 
ſeem to intimate. But becauſe, by ſome other paſſages of this dialogue, 
he may be favourably thought to mean, that the pure air is that which 
gets in by the ſides of the ſucker, into the pump, and ſo into the recei- 
ver, let us conſider his explanation in this ſenſe alſo. I deſire it may 
be obſerv'd, that if Mr. Hobbs takes the air in this ſecond ſenſe, he does 
not oppoſe what I have deliver'd ; the air, I pretend to be pump'd out 
of the receiver, being the common air, which conſiſts, in great part, 
of groſſer corpuſcles than the æthereal ſubſtance. Yer, even this explana- 
tion will be liable to the two firſt inconveniencies, lately objected againſt 
the other, in favour of the vacuiſts; and to ſeveral objections beſides. I 
obſerve again, that tho the pump be kept all the while under water, 


yet 


Se 


— 
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Pxrowarretyet the exhauſtion of the cylinder, and receiver, will proceed as well a3 

a in the open air. I demand, then, how the pure air gets in by the ſides of 5 
the ſucker, immers'd in water? I prefume, for want of a more plauſible 


anſwer, Mr. Hobbs will here ſay, that the air paſſes thro? the body of the n 
water, to fill up the deſerted fpace, that muſt, otherwiſe, be void. But n 
then I appeal to any rational man, whether I am obliged to believe ſo un- tl 
likely a thing, upon a bare affirmation; for he does not ſo much as pre- * 
tend, by any phenomenon, to countenance this aſſertion: and there are be 
phenotnena that make againſt it. Many experiments ſhew us, that when 8 
air paſſes thro* water, it makes bubbles there, which, in our caſe, do d 
not appear. Beſides, why ſhould not the outward air rather impel the de 
water, as we ſee it frequently does, than be ſuppos'd to dive ſo ſtrange. ſt 
ly and imperceptibly thro? it? When, alſo, the throughly exhaulte qa 
receiver is unſtopp'd, under water, he, who obſerves how the water k 
ruſhes in with a ſtream, as big as the paſſage admits, will hardly ima. q 
gine, that, at the ſame time, as much air as water can paſs thro? the ſame 0 
orifice unperceiv'd. But, it may be ſaid, in Mr. Hobbs's behalf, that 4 
either his explanation, or a vacuum, muſt be admitted. To which I re- Y 
ply, firſt, that he has not evinced there can be no vacuum. Next, that 4 
we have made it probable, that, by his explanation, he does not avoid * 
the neceſſity of a vacuum. And, thirdly, that a pleniſt, having recourſe to di 
Mr. Hobbs's precarious diving of the air, may, more probably, decline the | 
neeeſſity of yielding a vacuum, by ſaying, that the æther is, by the impulſe T 
of the depreſsꝰd ſucker, and the refiſtance of the ambient bodies, ſqueez'd th 
thro* the pores of the glaſs, or cylinder, into the cavity of the veſſe], as - 
faſt as room is there made for it. And, I confeſs, I wonder that Mr. * 
Hobbs ſhould be fo averſe to this way of ſolving the objection, ſince he ſup- fa 
poſes the parts of the air to be infinitely ſubtile; which, if they are, no 8 
pores can be too narrow to admit them. But, to preſs this no farther, 1 wi 
muſt here take notice, that whether the cavity of the receiver be reſolved th 
to be empty, or full of Mr. Hobbs's æthereal body, or the Carlicſian cele- W. 
ſtial matter; the violent rufhing in of the water, when the veſſel is unſtopt co 
under that liquor; with ſeveral other phenomena, which cannot be a- co 
ſcribꝰ'd to the ſubtile matter within; ſufficiently argue, that there is, in be 
the external air, a far greater power of preſſing inwards, than there 1s a8 
within of reſifting ; and conſequently, ſuch a weight, or ſpring in that cle 
air, as we plead for. 
Mr. Hobbs, too, will have the air, impell'd by the ſucker, to move very WI 
ſwiftly betwixt the top and bottom of it; as alſo, when it gets into the ca- th 
vity of the receiver; yet, when a light bladder is ſuſpended in the ca- to 


vity of the receiver, it betrays no fuch motion: nay, the flame of a ta- 

pet was not blown out, nor ſtirr*d by this ſuppoſed wind; and ſmoke, pro- 

duced in the exhauſted receiver, was not, by this vehement motion of the 

air, hloyn about the receiver. But, if the common external air be admit- 1 

ted at the ſtop- cock, that, indeed, will ruſh in with noife and violence, | 

and whirl about the bladder, which hung quietly before. , 
1 | 1) 


The Pueumatical Experiments defended. 
In explaining the Torricelliay exper iment, he ſpends many words to PGA e 
ove, 5 ez place deſerted by che ſuſpended mercury is full of air. 2 
Bur this expoſition ſuppoſes a plenum : and if he takes the air in the com- 
mon ſenſe of the word, *tis manifeſtly repugnant ite ſeveral phenome- 
na; as that, if the experiment be carefully made, we may, by inclining 
the tube, impel the mercury from its wonted ſtation to the top; which 
will not happen, in caſe the air were, before inclination, let into the de- 
ſerted ſpace z that if, when the mercury is ſettled at its uſual ftation, the 
tube be lifted up out of the ſtagnant quick-filver, the outward air will 
drive up the heavy mercurial cylinder, oftentimes, with farce enough 
to beat out the ſeal'd end; and, laſtly, the quick-filver reſting at its 
ſtandard height, if you carefully ſtop the lower orifice, under the ſur- 
face of the ſtagnant quick-ſilver, and then lifting up the tube into the air, 
keep it well ſtopt, and firſt depreſs one end, and then the other; the 
quick-filver will fall againſt the depreſs'd end of the tube, with a ſurpri- 
Zing force and ſwiftneſs: whereas, if unſtopping the tube, whilſt the ſame 
quantity of mercury remains 1n it, you let the outward air into the cavi- 
ty, unpoſſeſs'd by the mercury; and then, again, ſtop the orifice with 
your finger, and proceed as .before, you ſhall perceive the mation of 
the included fluid, to be much ſlower, and leſs violent than formerly, 
by reaſon of the reſiſtance of the admitted air; which, alſo, maniteſtly 
diſcloſes itſelf, by the conflict and bubbles produced betwixt the air and 
quick-ſilver, in haſtily paſſing by one another, to the oppoſite ends of the 
tube. But, Mr. Hobbs, not pretending that any attraction intervenes in 
the caſe ; I ſee not how he can poflibly make out, to omit other pheno- 
mena, the gradual deſcent of the mercury, in the tube, beneath its wont- 
ed ſtation, upon the exhauſtion of the receiver; and the re- aſcent of the 
ſame, in the ſame tube, as we let in more or leſs of the outward air, with- 
out admitting as much of ſpring or preſſure in the air, as I contend for. The 
weight of the terreſtrial particles, by which he endeavours to account for 
the quick- ſilver's falling lower at the top, than at the bottom of a hill, 
will by no means ſerve his turn; it being utterly improbable that the air, 
contained in ſo little a veſſel as one of our receivers, can, by its weight, 
counter- balance ſo ponderous a cylinder of quick- ſilver: whence we may 
be allowed to argue, that the air ſuſtains it by ſuch a preſſure, or ſpring, 
as we plead for, whether that proceed from the texture of the aerial parti- 
cles, from their motion, or from both. | | 42 55 
The laſt of Mr. Hobbs's principal explanations, is of the experiment 
wherein above 100 pound weight, being hung at the depreſs'd ſucker, 
| the ſucker was, notwithſtanding, impelPd up again, by the air, to the 
* top of the cylinder. This phenomenon Mr. Hobbs accounts for thus. 
Truhe air being beaten back by the retraction of the ſucker, and finding no 
| < void place, wherein to diſpoſe of itſelf, beſides that which it may make, 
1 2 by driving out other bodies, is, by perpetual truſion, at length, forced 
; «into the cylinder, with ſo great ſwiftneſs, between the concave ſurface 
of the cylinder, and the convex ſurface of the ſucker, as may anſwer 

* 
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Przonarices the power neceſſary to draw back the ſucker; Now the air within re. 


A uins the ſwiftneſs wherewith it enters; and then, every way, diſtends 


& the ſides of the braſs cylinder, which is elaſtic. Therefore the air in the 
e cylinder being vehemently moved, thruſts againſt all parts of the con. 
* cave ſurface of the cylinder, tho? in vain, till the ſucker is drawn back; 
«© but as ſoon as the ſucker, being looſe, ceaſes to impel the air, that air 
* which was before driven in, will, by reaſon of its endeavour againſt 
every point of the internal ſuperficies of the cylinder, and of the elaſtic 
„force of the air, inſinuate between the ſame ſurfaces, with a velocity 
equal to that by which it was impelled ; that is, with a velocity which 
* anſwers the ſtrength of the impulſe ; when the ſwiftneſs wherewith the 
** ſame air goes out of the cylinder, finding no where to diſpoſe of itſelf, 
*© will again impel the ſucker to the top of the cylinder; for the ſame 
<*© reaſon that the ſucker, a little before, made an impulſe upon the air,” 
But this whole conceit, of the air's running in and out with a ſtrange 
velocity, between the ſucker and the cylinder, is precarious ;' nor does he 
propoſe one phenomenon to countenance it. Farther, we found, in an en- 
gine ſo contrived, that the pump lay covered with water, when the ſucker 
was drawn back, the atmoſphere would ſtrongly preſs the water againſt 
it; and if the handle were let go, ſwiftly repel up the ſucker into the de- 
ſerted cavity of the cylinder; which being a caſe parallel to that under 
conſideration, let any unbiaſſed perſon judge how likely it is that the air 
could perform all theſe excurſions, without exciting bubbles, notwithſtand- 
ing the water's conſtant interpoſition betwixt it and the cylinder. And 
there is as little probability in what our author teaches of the air's cn. 
I might here repeat, what we formerly mentioned, of the breaking of our 
receivers inwards, not outwards; and add, that I ſee no reaſon why the 
conatus of the included air, if granted, ſhould be fruſtrated, when the 
fucker is depreſſed ; but if the air within have ſo ſtrong an endeavour 
outwards, as to ſtretch the thick ſides of the braſs cylinder, as Mr. Hobbs 
would have it, I demand, why the air does not throw out the wooden 
peg or valve, which we have often; to our trouble, ſeen thrown out with 
great force and noiſe, when the depreſſed ſucker being thruſt up again, 
whilſt there was air in the eylinder, we forgot to leave the valve open; 
tho*, in this caſe, the air that drove out the peg, was far enough from 
ſtretching the cylinder? I further demand, how it comes to paſs, that 
if, having ſtopt the hole of the cylinder with your finger, inſtead of the 
peg, you ſwiftly depreſs the ſucker, you ſhall be ſo far from feeling a 
preſſure outwards, againſt the pulp of the finger, from any thing con- 
tained in the cavity of the cylinder, that your finger will be ſtrongly 
preſſed in by the ambient air? But as to the laſt part of the paſſage under 
conſideration, I do not underſtand, why the air that was impelled in ſo 
ſwiftly betwixt the cylinder and the ſucker, ſhould not reſiſt the (wilt 
egreſs which Mr. Hobbs aſcribes to the included air, by the ſame paſlage 
nor why this impell'd air, that has ſo ſtrong an endeavour outward, ſhov! 


never depreſs the ſucker, as well as the ſame air, diffuſing its motion yr 0 
1 | tne 
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the vaſt ambient medium can enable the external air to thruſt up the ſucker Pre- 
again, eſpecially ſince during ſuch a depreſſion of the ſucker, made by the | 


rebound of the air, forcibly impell'd in from the cloſe. bottom of the cylin- 
der, the air from without may all this while, according to Mr. Hobbs's 
principles, get in between the ſaid ſucker and the cylinder. But I further 
ſay, that the lifting up of the ſucker, either is not neceſſary to prevent a 
vacuum, or that, in ſome caſes, it will be hard to ſhew how a vacuum can, 
by Mr. Hobbs, be avoided. For when the depreſſed ſucker is ready to be 
thruſt up again, if you hang a much greater weight at it than 100, it will 
not be lifted up at all. And whereas this progreſs and regreſs of the im- 
pulſe of the external air cannot reaſonably be ay ns to be very laſting, 
you may, by a competent weight, detain the ſucker depreſſed, till the 
ambient air is as quiet as uſual; yet if you then take off the a of 
weight, or perhaps a little more, in caſe the pump has been very ſtanch, 
the ſucker, and the great weight hung on, will nevertheleſs be carried up; 
which it is no way likely it could be by the impulſe of the outward air, 
that had time to decay and be confounded. And as for the inward. air, 
we have proved that it has no ſuch endeavour outwards as Mr. Hobbs pre- 
tends ; otherwiſe, why ſhould not that throw out the ſucker, rather than 
cauſe it to be impelled inward ; it being no way likely, that in cafe ſome 
air ſhould get out of the cavity of the cylinder, it could ſo move the out- 
ward-air, as that the reflex of that impulſe ſhould make that free out- 
ward air bear more ſtrongly againſt the outſide of the ſucker, than the 
inſide of the ſame ſucker is preſſed againſt by the included air, whoſe im- 
petus is incomparably leſs diffuſed ? In ſhort, whatever is reſolved to be 
in the cavity of the cylinder when the ſucker is depreſſed, yet ſince it is 
manifeſt, that it is, at leaſt in great part, deſtitute of common air; and 
ſince the ſucker, with the weight, may, if the inſtrument leak not, be im- 
pelled up, when, in all probability, thoſe forced undulations of the air, 
that may be ſuppoſed to have been made by the ſucker, have ceaſed ; the 
Carteſians, Mr. Hobbs, and others, who will not have recourſe to the un- 
intelligible attraction of ſome rarified ſubſtance within, muſt aſcribe ſo 
ſtrange a phenomenon to the preſſure of the air without, * | 
The reaſon why water aſcends in ſmall glaſs tubes, Mr, Hobbs tells us 
is, that the ſmall particles interſperſed in the air, near the water, by 
their motion beat upon the ſurface of the water, ſo that the fluid 
*© mult of neceſſity aſcend into the pipe; and the more ſenſibly into 
one exceeding ſlender. But it is manifeſt, that I did not, in relating 
this phenomenon, take upon me to aſſign the true reaſon of it, However, 


That experiment of Mr. Hauksbee's, that of ſuction, fc. eſpecially conſidering, 
whereby it appears, that 140 pound weight that when the air was exhauſted out of 
was requiſite to ſeparate two hemiſpheres, theſe hemiſpheres, and an atmoſphere in- 
3 half inches in diameter, ſqueez'd together, jected upon their external ſurfaces, the 

y an additional atmoſphere of air, proves weight of 280 pound was neceſſary ta 
the preſſure of that fluid, beyond al con- cauſe their ſeparation. See Haukibee's Ex+ 
tradiction, againſt the Funicu/ar hypotheſis, I periments, p. 88 — 93. 
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Przonaric] am no way ſatisfied with Mr. Hobbs's explanation; for to ſay nothing gf 
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the motion he aſcribes to the particles diſperſed thro? the air, he leaves the 
difficulty unſolved ; fince there being common air, as well within the ca. 
vity of the flender pipes, as without, he offers no reaſon why the preſſure 
of the air within, ſhould not reſiſt the preſſure of the ſame kind of ai 
without, as we ſee it does in greater pipes. And poſſibly he would have 
paſt by this particular, if he had not overlook'd the advertiſement I gave, 
that it would concern thoſe who ſhould undertake to ſhew the cauſes of 
this phenomenon, to conſider alſo of a reaſon why, if the experiment he 
tryed with quick- ſilver inſtead of water, the ſurface of that fluid will, in. 
ſtead of being higher, be lower within the pipe, than without it; where 
if Mr. Hobbs's explication be ſufficient, why ſhould not the contrary hay. 
pen in quick-ſilver as well as in water? The next paſſage to be conſidered 
is this: If any one, after the frequently repeated impulſe and retraction 
* of the ſucker, endeavour to draw out the ſtopple of the upper ori- 
« fice of the receiver, he ſhall find it gravitate very much, as if a 
*© weight of many pounds hung upon it. Whence comes this? from 
a ſtrong circular endeavour of the air within the receiver, mad: by 
« the violent ingreſs of the air, between the convex ſurface of the ſucker, 
and the concave of the cylinder, procured by the repeated impulſe and 
«© revulſion of the ſucker, improperly called the exſuction of the air; 
for by reaſon of the fulneſs of nature, the ſtopple cannot be draw 
cout; but whilſt that circulates very ſwiftly, it comes out very hardly; 
that is, it ſeems to be very heavy; for as ſoon as freſh air is by degrees 
let into the receiver, it likewiſe by degrees loſes this ſeeming gravity.” 
To this I anſwer : firſt, that if there be ſuch a vehement circular en- 
deavour of the air in the receiver, by which motion he teaches, that the 
air ruſhes out with violence enough to make the atmoſphere lift up, in 
our cylinder, above 100 pound weight; I ſee not why it ſhould not ra- 
ther throw out the Wals, under conſideration, than hinder its extra- 
ction; and why, when the external air is re- admitted at the ſtop- cock 
into the exhauſted receiver, and thereupon there ſenſibly follows for a little 
while, a rotation of the included air, the ſtopple, that juſt before ſeemed 
ſo much to reſiſt the being drawn out, ſhould ceaſe to make any ſuch re- 
ſiſtance. Nor do I ſee how the plenitude of nature ſhould, as is here inti- 
mated, hinder the extraction of the ſtopple; for according to the pleniſts, 
the world and the receiver, muſt be at all times, equally full. And if the 
contiguous air muſt, for Mr. Hobbs's reaſon, neceſſarily be extracted 
with the ſtopple in one caſe, I ſee not why the like ſhould not hap- 
pen in another. Now it appears by our experiments, that there 1s no 
ſuch very ſtrong circular endeavour in the exhauſted receiver as he pre- 
tends ; but indeed an endeavour of the ambient atmoſphere, to pres 
the parts of the glaſs inwards, and cover thoſe that are contiguous to l. 
For, as have noted already, a light bladder ſuſpended in the receiver, 
manifeſted no ſuch motion as he here ſuppoſes ; neither were a pa! 


of ſcales ſuſpended within the ſame ; nor a long magnetical needle, * 
| . 
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reſted upon the point of another neegle, at all whirled about by this ima-Pwaenar tet 
inary motion of the air. Beſides, if you leiſurely looſen the braſs ſtop- - 

ple, ſo that it may be very near, but not contiguous to the ſides of the 

ſocket, you ſhall manifeſtly perceive a ſtrong current of air to flow into 

the receiver at that paſſage 3 and more than once, when, inſtead of that 

Piece of braſs, we ſtopt the hole in the cover with our cement, we obſer- 

ved ſometimes whilſt we were pumping, ſometimes after we had done 

pumping, that the outward air, by degrees, depreſſed the ſuperficies of 

the cement expoſed to it, and made it concave; and now and then would 

break thro? it, thruſting it inward with great violence and noiſe. 

Mr. Hobbs afterwards attempts to rectify another of our explanations, 
in theſe words: We have ſeen alſo, that water let down into the recei- 
<« yer, after ſome returns of the motion of the ſucker, has bubbled ſo, 
& as if it had boiled over a fire; which happens by reaſon of the ſwiftneſs 
«* of the circulating air, unleſs perhaps you find the water hot too whilſt 
& jt bubbles. For if we were ſure it was hot, we muſt find out ſome 
© other cauſe of the phenomenon. But we are certain it is not ſenſibly 
© hot; how therefore can the greater, or leſs motion of the atmoſphere, 
% promote ſuch a motion as this?” But I confeſs, I ſee not how the cir- 
cular motion of the air within the receiver, could in a vial with a long 
neck, produce ſuch effects as we mention; eſpecially, I fee not how ſuch 
a wind, paſſing along the ſurface of the water, could raiſe ſo many very 
large bubbles, which ſeemed generally to riſe from the lower parts of the 
water, thro? the long neck of the vial, and ſpout it, as it were, into the 
receiver. 

As for what he ſays about the gravity of the atmoſphere, it is plain 
enough that my conjecture aſcribes the phenomenon to the taking off the 

reſſure of the air within the receiver; tho? I ſee not why the removal of 
the weight of the atmoſphere, if it could be effected, out of the engine, 
ſhould not have a like operation. And that the greater or leſs preſſure 
of the air concurs to this phenomenon, appears from common experience 
for water, by being heated, is expanded, and generates bubbles; and our 
experiments have made it appear, that there are aerial particles in water, 
and other liquors, which tend to expand themſelves ; and actually do ſo 
in numerous bubbles, when the preſſure of the incumbent air is conſide- 
rably leſſened. In the preſent phenomenon, that preſſure being, by the 
exhauſtion of the receiver, taken off, the aerial particles, and agitated 
vapours abounding in the hot water, are allowed to expand themſelves ; 
and to make ſuch numerous and great bubbles, as thereby to carry off a 
large part of the water out of the vial. So that I wonder what makes 
Mr. Hobbs ſpeak, as if there were no ſenſible heat in the water, under con- 
ſideration; ſince it is. expreſly ſaid, that it was put in hot; and'if it were 
put in cold, could, by no pumping, be brought to the leaſt ſhew of ef- 
terveſcence. And I have already ſhewn by experiments, that there is, in 
our exhauſted receiver, no ſuch OI motion of the air, as he aſcribes 

ECL the 
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PxxuxATIcs the phenomenon to. Nay, when there is manifeſtly a whirling motion 
| of the air in the glaſs, upon the admiffion of the external air, the pr. 
duction of numerous bubbles in the water preſently ceaſes. And there. 

fore Mr. Hobbs might have let alone my conjecture, unleſs he could either: 

have diſproved it better, or ſubſtituted a more probable one in its ſtead 

Mr. Hobbs having recited our experiment of killing animals in the en. 
hauſted receiver in 2 or 3 minutes, aſks, ** if theſe animals were ſo quick. 
ly kill'd for want of air, how do divers live under water? for ſone 
of them, accuſtom'd to it from their childhood, will ſuſtain the wy; 
of air for a whole hour? Certainly, that moſt vehement motion, by 
c which included bladders are diſtended and broken, kills theſe ani. 

* mals.” But J ſtill think we want ſome clearer diſcovery about this 

matter, notwithſtanding what has been delivered concerning it by M. 

Hobbs; for his argument againſt my conjecture is anſwer'd by himſelf 

ſince he plainly intimates, that divers who can live without air for z 

whole hour, are accuſtomed to it from their childhood. Wherefore, 

unleſs the animals that died in our engine, had been for a long time train 

up by degrees to live without air, it will not follow, that the want of it 

would not ſoon diſpatch them; as ordinary men may be drown'd in a fey 

minutes. And having purpoſely let down ſome mice, and ſmall birdz 

into a deep glaſs filled with water, and kept them from emerging, by 

a weight ty'd to their legs or tails ; tho? ſome liv'd longer than other, 

yet I obſerv'd them to be kilPd faſt enough, to keep my conjecture from 

being incredible; eſpecially the laſt we made trial of, tho? a large ud 

luſty mouſe, appeared to be quite dead within ſomewhat leſs than a 

minute. And we particularly took notice, that before drowning, ſeveral 

bubbles, which ſeemed to be the reſpired air, came out of their mouths, 

and aſcended thro* the water. We have already diſproved the ſuppoſition 

whereon Mr. Hobbs's opinion, as to the cauſe of the death of animals in 

the receiver, is built; for no ſuch vehement motion as he pretends, is 

| there to be found. Nor does it at all clear the difficulty, that he would 

a x have this motion the ſame whereby included bladders are diſtended and 
broken. For it is very hard to conceive how the tenacity of the air, or its 

beating from all parts upon the convex ſurface of an almoſt empty bladder 

(for in ſuch alſo the experiment will ſucceed) ſhould make it burſt out- 
wards. And we have already proved, that the diſtenſion and breaking of 

bladders in our receiver, proceeds not from any ſuch motion of the neigh- 

bouring air, as is here preſumed, but from a quite different cauſe. 

Mr. Hobbs has a long diſcourſe concerning the extinction of fire in our 
receiver, upon exhauſting the air; and he endeavours to reduce what 
happens to kindled coals placed in our engine, to what happens in cer- 
tain mines, wherein, when ſome thick damps aſcend, both charcoal and 
candles are ſoon extinguiſhed. He alſo attempts to ſhew, that by the 
reciprocation of the ſucker, the air, impelled firſt into the cylinder, and 


then into the receiver, is put into ſuch a motion, as gives it a certain ay 
| e 
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dle conſiſtence, betwixt that of pure air, and that of water. But! ſhall Puzona TICS 


not need to examine this ſecond part of his diſcourſe, becauſe I deny the 
firſt 3 and being able to diſprove the thickneſs of the air in the exhauſted 
receiver, I need not ſpend time about what he teaches of the manner. His 
hiſtory of the damp to be met with in mines, is more largely ſet down in 
his elements of philoſophy ; where he ſeems to mention it as a ſtory of 
doubtful credit, which it is likely he would not have done, if he had then 
ſeen it; and if he has not ſince obſerved the thing himſelf, there may ea- 
ſily be a miſtake in ſome of the circumſtances ; as for inſtance, the number 
of minutes wherein the thick air choaks the fire; and it is upon that cir- 
cumſtance, the validity of what he deduces from the obſervation, chiefly 
depends. But however the matter ſtands with theſe ſubterraneal damps, 
we have already proved, by ſeveral of the experiments of our engine, that 
in the exhauſted receiver there is no ſuch motion of the air as is here ſup- 
poſed. And it may be ſufficiently proved, that whatever remains in the 
receiver, is not ſuch a ſubſtance as Mr. Hobbs would have it; for he here 
tells us, it is of a conſiſtence betwixt air and water; and in his elements 
ſays, it is not much lighter than water. But by the Magdeburgic experi- 
ment, it is evident that the receiver, by being exhauſted of common air, 
is ſo far from growing heavier, that it loſt above an ounce of its former 
weight. And to this agrees what happens in æolipiles, that grow lighter 
when the air is expelled. Beſides, if the receiver be, in the preſent caſe, 
filled with a ſubſtance, whoſe conſiſtence is ſo much nearer that of water, 
than is our common air, as Mr. Hobbs would have it, why does not a pen- 
dulum move ſenſibly flower in it, when in water the vibrations are ſo ex- 
ceedingly ſlackened? And the breaking of an hermetically ſealed bubble, 
in our receiver, outwards, when the air was much exhauſted, and not be- 
fore, with ſeveral other experiments, that might be eaſily applied to this 
purpoſe, ſufficiently prove, that. it is not a thicker, and far heavier air, 
but a more yielding, and lighter, that remains, after pumping, in the 
cavity of our receiver. But as for the thing itſelf, when I related it, I 
thought it might admit a farther enquiry z and indeed there may be many 
ways of extinguiſhing fire; ſo that, as it is not, in all caſes, eaſy to aſſign 
the true cauſe of its extinction, it is unſafe to conclude, with Mr. Hobbs, 
that becauſe a candle, or a live coal, may be extinguiſhed by a thick 
damp, therefore the effect muſt proceed from the like cauſe in our recei- 
ver, where there is no ſign of any damp, or unuſual thickneſs of the air, 
but of the contrary. 4 Bots 

Mr. Hobbs next pretends to ſhew, that neither the ſpring, nor weight 
of the air, have any thing to do with the two flat poliſhed marbles, not 
falling aſunder in our receiver; „ becauſe,” ſays he, ** the weight of the 
2 atmoſphere can do nothing there ;? he adds, that a ſtronger, or 
** more evident argument could not be brought againſt a vacuum, than 
. this experiment. For if two coherent marbles ſhould, either of them, 

be thruſt forwards that way that their ſurfaces, lie contiguous, they 
cc wou 
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t at one time they 
* ſhould loſe their whole contact, is impoſſible, the world being full; 
“for then either motion muſt be made from one term to another in an 
< inſtant, or two bodies at the ſame time muſt be in the ſame place; tg 
« ſay either of which is abſurd.” But how this ſhould be ſo cogent and 
manifeſt an argument againſt the vacuiſts, I do not well diſcern ; for what 
it proves, if it prove any thing, ſeems to be, that in caſe the cohering 
marbles could be ſo ſevered, as to loſe at once their whole contact, the 
world might be concluded not to be full; but I ſee not how it thence fol. 
lows, that therefore there can be no vacuum. For my part, I would de. 
mand, whether the ſtrong adheſion of the marbles be neceſſary or not to 
the plenitude of the world ? If it be, how chance a ſufficient weight hung 
to the lower marble can immediately draw them aſunder? And if it be 
not, why does not Mr. Hobbs aſſign ſome other cauſe of their ſo ſtrong 
adheſion, if it depend neither upon the ſpring nor weight of the air? A; 
for the non-ſeparation of the two marbles in our receiver, I have ſaid, that 
the cauſe may probably be the preſſure of the air remaining in the recei- 

ver; for it is no way unlikely, that the remaining air ſhould be able to 

ſuſtain a weight of 4 or 5 ounces hanging at the lower marble, ſince the 
free air was able to ſupport between 4 and 300 ounces hanging at the 
ſame. 0 

But Mr. Hobbs tells us, that the cauſe I aſſign of the coheſion of our 

marbles, is liable to great inconveniences z for they confeſs,” ſays he, 

that all ponderation is an endeavour, every way, by right lines, to 

<< the center of the earth; ſo that it is made not by the figure of a cy- 

linder or column, but by a pyramid, whoſe top is the center of the 

earth, and whoſe baſis is part of the ſurface of the atmoſphere.” As 

if it were material whether a body, whoſe baſis is ſcarce two inches 

diameter, and length ſome thouſands of miles, be conſidered as a cylinder 
or a pyramid. Certainly Szevinus, and other learned hydroſtatical wri- 
ters, would ſcarce have made this an objection; ſince they ſcruple not 
to poſtulate, that all perpendiculars, not very diſtant, be looked upon 
as parallel; tho' they allow ſuch perpendiculars would meet in the center 
of the earth. What he adds, that therefore the endeavour of all the 
points which ponderate, will be propagated to the ſurface of the up- 
“ per marble, before it can be propagated further to the earth,” to 


prove that the whole endeavour of the pyramid, that reſts upon the 


upper marble, is terminated there; and that there is no endeavour ot 
the atmoſphere, againſt the under ſuperficies of the lowermoſt marble, 
ſeems grounded partly upon a conceit of his about the nature of gra- 
vity 3 according to which, 1 fee not why any body, placed between the 
ſides of that pyramid or cone, whereof the upper ſuperficies of the 
Higher marble is the baſis, ſhould deſcend upon the account of gravity 3 


and partly from a miſtake of my opinion; for I no where ſpeak as if 


I thought 
5 
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eht the lower marble was ſuſtained by little globules, or other rn te, 

K protruding one another directly towards the center of 2 
the earth, and rebounding from a perfectly ſmooth ſurface. Nor, need 
I fay, that the lower ſtone is ſuſtained by the preſſure of the ſame 
pillar of the atmoſphere, as reſts on the upper; ſince other parts of the 
atmoſphere, ſome on the one hand, and ſome on the other, preſſing 
obliquely upon the uneven ſurface of the earth, may have their preſ- 
ſure upward, terminated againſt the lower ſurface of the undermoſt 
marble. Thus an æolipile being, by heat, well freed from air; if 
the little orifice, at the extremity of the neck, by which the air 
gets in and out, be ſoon carefully ſtopped with wax, and afterwards ſuf- 
fered to cool, there will not be, in the cavity of the zolipile, a reſiſtance 
near equal to the preſſure of the outward air. And therefore, if 
you perforate the wax, that air will be violently impelled in, at the 
unſtopped orifice, whether the neck be held parallel, or perpendicu- 
lar to the horizon; or, in any other ſituation, in reſpect of the cen- 
ter of the earth. And the like will happen, if the æolipile be unſtoppꝰd 
under water. 1. 5 

And, I lately met with the relation of an experiment, which a- 
bundantly makes out the power .of the ambient atmoſphere, to preſs 
bodies againſt each other, when it cannot get between their internal 
ſurfaces. The ingenious author of the Magdeburgic experiment, writes 
to the induſtrious Scottus, that having cauſed two copper plates to be 
made, almoſt in the form of ſcales a little above half an ell in diame- 
ter, and exactly fit; if when laid upon one another, the air be drawn ren 
« out, they are kept ſo compreſſed, and united, by the gravity of the 
external air, that ſix ſtrong men cannot pull them aſunder; but if, at 
„length, they are disjoined, they make a noiſe equal to the report of 
* a muſquet; yet as ſoon as ever there is the leaſt entrance given to 
the air, they fall aſunder of their own accord.“ And, if a glafs vial 
have a pipe open at both ends, ſo fitted to it, that noair can get in 
or out, betwixt the neck and it; and if the vial be ſo far filled with wa- 
ter, that the lower end of the pipe be well immerſed therein; if you ſuck 
at the upper-end of the pipe, the- water will aſcend to a great height; 
which argues its being forced upwards, by the oblique preſſure of the 
air in the vial: for it is only in the pipe, and not in the vial, that 
_ is any air in the ſame perpendicular with the water that is im- 
pelled. | O08 ; i 
4 As to the aſcent of liquors by ſuction, Mr. Hobbs ſays, ©* whoever. 
| ** ſucks water into his mouth by a ptpe, firſt ſucks up the air between; 
| whereby he removes the external diſtended air, which can have no 
I place, but by removing the next; and ſo, by continual pulſion, the 
8 ** water is at length, driven into the pipe, and ſucceeds the air which 
** 1s ſucked out.” And this account of the phenomenon is alſo, given 
by the learned Gaſſendus, and other atomiſts ; and ſeems generally ac- 
quieſced in by the modern philoſophers, But, though I deny not, that 
many 
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er many phenomena of nature, may be, probably, explained by this pro- 
AY Y pagation, and return of motion; yet there are ſome others, here below 
which I ſeenot how the Carteſians, the atomiſts, or Mr. Hobbs, can folye 
- without admitting the ſpring of the air; and which, perhaps, may, * 
the ſpring of the air, be explain'd, without recurring to ſuch a Propaga- 
tion, and return of impulſe. I took a glaſs veſſel; conliſting of two parts; 
the one, a vial, capable of containing about a pound of water; and the 
other, a pipe; open at both ends; the lower of which reach'd within two 
inches of the bottom of the vial: this pipe was faſtened into the neck 
of the vial, with melted glaſs, of a good thickneſs; and into the veſſel, 
by the open PIPE, I pour'd water enough to ſwim a pretty way above the 
lower-end of the pipe; and then often inclined the veſſel to give a free in. 
tercourſe betwixt the air within the vial, and that without it: whence, 
if che external air were compreſſed by the affuſion of the water, it might 
free itſelf, as it readily did by aſcending in bubbles along the inclined 
pipe, till the outward and inward air were reduced to an equality of preſ. 
ſure. Now, if all ſuction were produced by the preſſure of the air, 
thruſt away by the dilated cheſt of him that ſucks, and fo thruſting 
the fluid into the pipe, it ſeems evident, in our caſe, that the water 
would not aſcend by ſuction; ſince by the contrivance of the veſſel, the 
air thruſt away by him that ſucks, cannot, at all, come to preſs upon 
the water. Yet, whether the pipe were inclined, or erect, the water 
aſcended, upon ſuction, to the top of the pipe, and ran over into my 
mouth, and that with tolerable eaſe: fot though the ſpring of the air, pent 
up in the vial, were able, upon the decreaſe of the preſſure of the out- 
ward air occaſioned by my ſucking, to impel the water ſtrongly into the 
pipe; yet, when a moderate quantity of water had been impelled, the 
ancluded air, gaining, thereby, more room to expand its ſpring, was ſo 
much weakened, that the water aſcended far leſs eaſily than in ordinary 
ſuction. And, to ſhew that the aſcent of the water, in the pipe, did not 
proceed from any ſuch tendency, in the water itſelf, to aſcend, for pre- 
vention of a vacuum; I carefully took out the water, by degrees, till the 
Jower-end of the pipe lay but very little under the ſurface of the water; 
tho? in the cavity of the pipe, the water was conſiderably higher: then 
ſuffering the veſſel to reſt, and ſucking at the upper-end of the pipe, the | 
water was impelled up, yet without reaching near the top, till the ſurface 
of it was fallen a little below the bottom of the pipe. But then, though 
continued ſucking, no more water aſcended into the pipe; but the air paſ- 
ſing thro? it, towards my mouth, in its paſſage toſs d up the water that 
was already in the pipe, and turned it into bubbles, which broke with 
noiſe one after another. And thus the aſcending air long kept the 
water, in the pipe, from falling back to that in the vial ; but when 
J removed my mouth, the ſpring of the air, remaining in the cavity 
.of the vial, being weakened by the receſs of the air, I had ſucked 1 | 
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it was not able to reſiſt the preſſure of the outward air; and accord- PMs. 
ingly, the water in the pipe, was not only depreſſed into the vial, | 
but the external air forced its way, in many bubbles, and not with- 
out ſome noiſe, thro? the water contiguous to the bottom of the pipe, 
till che preſſure of the included air, and that of the atmoſphere, were 
reduced to an equality, | p 
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ved his aſſertion, that there is no ſuch thing as a vacuum; and whe- 
ther he has rightly explain'd thoſe phenomena of nature, which he un- 
dertakes to ſolve, and eſpecially thoſe produc'd by means of our engine. 
Arguments a- And firſt, as I account for the adheſion of two flat poliſh'd marbles by 
gainft a vacu- the preſſure of the air, Mr. Hobbs thinks this phenomenon ſo fully proves 
Am confider'd. the plenitude of the world, that tho' he tells us, he has many ſtrong argu- 
ments to make it out, yet he mentions but this one, as abundantly ſuffi- 
cient 3 for, ſays he, ſince the vacuiſts allow interſperſed vacuities, not 
only in the air that ſurrounds the joined marbles, but in the reſt of the am- 
bient air, there is no reaſon why there ſhould be any difficulty in ſepara- 
ting the marbles ; or at leaſt, any greater difficulty than in moving them 
in that air after their ſeparation. But they will eaſily anſwer, that not- 
withſtanding the vacuities they admit in the ambient air, a manifeſt rea. 
ſon may be given, on their hypotheſis, of a difficulty in the divulſion of 
the marbles; for the vacuities they admit being but interſperſed, and very 
ſmall; and the corpuſcles of the atmoſphere being, according to them, 
endow'd with gravity, there reſt ſo many upon the upper ſurface of the 
marble, that this ſtone cannot be, at once, perpendicularly drawn up from 
the lower, contiguous to it, without a force able to ſurmount the weight 
of the aerial corpuſcles that preſs upon it. And this weight has already ſo 
condenſed the neighbouring parts of the ambient air, that he who wou! 


I Here only propoſe to conſider, whether Mr. Hobbs has cogently pro- 
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perpendicularly raiſe the upper marble from the lower, needs a conſider- PN tes 
ble force to make the revulſion, and compel the contiguous parts of the 


a 
incumbent air, to enter the pores, or intervals intercepted between them. 


For, the force of him, who endeavours to raiſe the upper marble, whilſt 
the lower ſurface of it is fenc'd from the preſſure of the atmoſphere, by 
the contact of the lower, which ſuffers no air to come in between them, 
is not aſſiſted by the weight, or preſſure of the atmoſphere; which, when 
the marbles are once ſeparated, preſſing as ſtrongly againſt the under ſur- 
face of the upper marble, as the incumbent atmoſpherical column does 
againſt the upper ſurface of the ſame marble; the hand which endeavours 
to raiſe it, in the freeair, has no other reſiſtance, than that ſmall one of 
the marble's own weight to ſurmount. 

And as for the reaſon which Mr. Hobbs, and, as he thinks, all others 
give of the difficulty of this divulſion, ©* that the whole ſpace between 
<< the two ſeparated marbles, cannot be inſtantaneouſly filled by the air, 
et the ſeparation be ever ſo ſudden” the pleniſts may give a more 
plauſible account of this experiment, than he has here done; and, there- 
tore abſtracting from the two oppoſite hypotheſes, I may ſay, that the 
genuine cauſe of the phenomenon ſeems to be that which I have already 
aſſign'd ; and that the difficulty of raiſing the upper ſtone, attending the 
air's not being able to come in all at once, to poſſeſs the ſpace left be- 
tween the ſurfaces of the two marbles, upon their ſeparation, proceeds 
from hence; that, till this ſpace be fill'd with the atmoſpherical air, the 
hand, which would raiſe the upper marble, cannot be fully aſſiſted by 
the preſſure of the air, againſt the lower ſurface of that marble: for, ſince 
I declare not for the hypothefis of the pleniſts, as it is maintained by Mr. 
Hobbs, Tam not bound to allow, what the common explanation, adopted 
by my adverſary, ſuppoſes, that either nature abhors a vacuum; or that 
there could be no divulſion of the marbles, unleſs at the ſame time, 
the air were admitted into the ſpace that divulſion makes for it. And a 
vacuiſt may ſay, provided the ſtrength employed, to draw up the upper 
marble, be able to ſurmount the weight of the aerial corpuſcles, accu- 
mulated upon it; the divulſion would enſue, though no air, or other bo- 
dy, ſhould be permitted to fill the room made for it, by the divulſion; 
and that the air's ruſhing into this ſpace, does not, neceſſarily, accom- 
pany, but, in order of nature, and time, follow, upon a ſeparation of 
the marbles ; the air that ſurrounded their contiguous ſurfaces, being, 
by the weight of the collateral air above, impelled into the room newly 
made by divulſion. But, having purpoſely, in our pneumatic receiver, 
accommodated two flat and poliſhed marbles, ſo that the lower being 
fix'd, the upper might be laid upon it, and drawn up again, as there 
ſhould be occaſion; I found, that if, when the receiver was well exhauſt- 
ed, the upper marble was, by a certain contrivance, laid flat upon the low- 
er, they would not then cohere, as before, but. with great eaſe, be ſeparated; 
tho? it did not, by any phenomenon, appear, that any air could ruſh 
in, to poſſeſs the place given it by the receſs of the upper marble ; whoſe 
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Pxzowatics very eaſy avulſion, ſeemed owing to the preſſure of that little air remain. 


ing in the receiver, being too faint to make any conſiderable reſiſtance to 
the ſeparation of the upper marble ; whence the hand, that drew ir up 
had very little more to overcome, than the ſingle weight of the ſtone. 

But the cauſe Mr. Hobbs aſſigns for this phenomenon, is improbable; and 
a better has been aſſign'd already. For, firſt, he requires, to the divulſi. 
on of the marbles, a force great enough to ſurmount the hardneſs of the 


ſtone. But, this is gratis difum ; and, it ſeems very unlikely, that ſo 


ſmall a weight, as will ſuffice to ſeparate two coherent marbles, of about 
an inch, for inſtance, in diameter, ſhould be able to ſurmount the hard. 
neſs of ſuch ſolid ſtones, as we uſually employ in this experiment. Ang, 
tho? it be generally, judg'd more eaſy to break a broader piece of marble 
ceteris paribus, than a much narrower ; yet, neither I, nor, I believe, 
Mr. Hobbs, ever obſerv'd any difference in the reſiſtance of marbles to ſepa- 
ration, ariſing from the greater or leſs thickneſs of the ſtones. Yet, 1 
find, by conſtant experience, that, - ceteris paribus, the broadneſs of the 
coherent marbles, exceedingly increaſes the difficulty of digoining them. 

But Mr. Hobbs, upon the ſuppoſition of the world's plenitude, illuſtrates 
our phenomenon, by drawing aſunder the oppoſite parts of a piece of 
wax: a very improper inſtance, ſurely ! For, the parts to be divided in 
the wax, are of a ſoft, and yielding conſiſtence, and according to him, of 
a ductile nature; and not, as the parts of the coherent marbles, very ſolid 
and hard. The parts of the wax, alſo, do not ſtick together, barely, by 
a ſuperficial contact of two ſmooth planes, as do the marbles we are 
e. of; but have their parts intangled with one another; and, there- 

ore they are are far from a diſpoſition to ſlide aſunder, like the marbles. 

Beſides, it is manifeſt, that the air has opportunity to ſucceed in the 
places ſucceſſively deſerted by the receding parts of the attenuated wax: 
but it is neither manifeſt, nor well proved by Mr. Hobbs, that the air, after 
the ſame manner, ſucceeeds between the two marbles; which, as I lately 
noted, are not forced aſunder, after ſuch a manner; but, as himſelf 
ſpeaks, ſever*d, in all their points, at the ſame inſtant. 

In the ſecond place, a better ſolution of the phenomenon has been al- 
ready 2. from the preſſure of the atmoſphere, upon all the ſuperficial 
parts of the upper marble, except thoſe that touch the plane of the lower. 
And to ſhew, thatwhen two coherent marbles are ſuſtained, horizontally, 
in the air, the cauſe why they are not to be forc'd aſunder, if they have 
two or three inches in diameter, without the help of a conſiderable weight, 
is the preſſure of the ambient air; I cauſed two ſuch coherent marbles to 
be ſuſpended in a large receiver, with a weight at the lower, that might 
help to keep them ſteddy ; but was very inconſiderable to that which 
their coheſion could have ſurmounted : then cauſing the air to be pumped, 
by degrees, out of the receiver, the marbles long ſtuck cloſe together 3 
becauſe during that time, the air could not be ſo far exhauſted, but that 
there remained enough to ſuſtain the ſmall weight which endeavour'd their 


divulſion. But, when the air was further evacuated, at length, the ſpring 
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f the little expanded air that remained, being grown too weak to ſuſtain Pr=vnar ret 
yore Bo and its ſmall clog, they dropt off. And to confirm : 
my explanation of our phenomenon, 1 ſhall add, that as this trial, which 
1 had ſeveral times occaſion to repeat, ſhews the coheſion of our two con- 
tiguous marbles would ceaſe, upon RE the preſſure of the atmo- 


ſphere z ſo by another experiment it appears, that ſuch a preſſure ſufficed 
to cauſe that coheſion 3 for having found, that when the receiver was well 


exhauſted, two marbles, tho* conſiderably broad, being laid upon one 


another, after the requiſite manner, their adheſion became ſo weak, that 
the upper would be eaſily drawn up from the other, we laid them again 
one upon the other; and then letting the external air flow into the recei- 
ver, we found that the marbles now adhered ſo well together, that we 

could not raiſe the upper without the lower. banner fon; hf 
But farther, Mr. Hobbs, in arguing againſt our engine, unjuſtly ſup- 
poſes the whole deſign of it to be he proof of a vacuum ; for or a» 
gainſt which I have never yet declared. * | 
Beſides, he ſeems not to have rightly underſtood, or at leaſt not to 
have ſufficiently regarded, in what chiefly conſiſts the advantage which 
the vacuiſts may make of the air-pump againſt him. In ſeveral places he 
is very ſollicitous to prove, that the cavity of our pneumatical receiver is 
not altogether empty; but the vacuiſts may tell him, that ſince he aſſerts 
the abſolute plenitude of the world, he muſt reject, not only great va- 
cuities, but alſo thoſe very ſmall and interſperſed ones, which they ſuppoſe 
are intercepted between the ſolid corpuſcles of other bodies, and * 
| | larly 


The moſt cautious and reſerv'd philo- 
ſopher need now make no ſcruple to aſſert 


portion to their denſity ; and it is a great 
miſtake, to think that the reſiſtance of pro- 


a vacuum. Sir 1/aac Neroton has furniſh'd 
us with ſeveral 2 r which are deci- 
ſive of this point. Thoſe indeed who make 
the eſſence of matter to conſiſt in exten- 
ſion, may well deny a vacuum; but the 
nature of gravity, which is proportionable 
i to the matter, or ſolid content of bodies, 
fully demonſtrates, much the largeſt part of 
[2 the univerſe to be empty ſpace. The mo- 
5 tions bf the comets a monſtrate a va- 
4 cuum , for theſe move in all manner of 
| Planes and directions, thro? the 'vaſt cele- 
f ſtial ſpaces, without any ſenſible reſiſtance. 
a The vibrations of pendulums confirm the 
; ſame ; for if they be made to move in a 
ſpace free from air, they likewiſe meet with 
no reſiſtance'; and therefore there is no 
| fenſible matter remaining in that ſpace. If 
there were no vacuum, a projectile in the 
9 air, or in a ſpace deſtitute of air, would 
move as ſlowly as in quick-filver ; for the 
reſiſtance of fluid mediums is nearly in pro- 


jectiles will decreaſe in infinitum, by an in- 
finite diviſion of the parts of the fluid z for 
it is plain that reſiſtance cannot be conſi- 
derably leſſened by dividing the parts of 
the fluid. For why ſhould not the ſame 
quantity of matter have the ſame power of 
reſiſtance, when divided into many ſubtile 
parts, as when divided into a few that are 
arger ? A ſphere, 1 * in a compreſſed 
fluid at reſt, and of the ſame denſity with 
itſelf, would loſe half its motion before it 
had gone twice the length of its diameter. 


Tn another place the fame great philoſo- 
pher argues thus: © The reſiſtance of wa- 
ter ariſes principally, and almgſt entirely, 
« from the Vis 9 171 of its matter ; and 
„ by conſequence, if the heavens were as 
* denſe as water, they would not have 
« much leſs reſiſtance than water; if as 
* denſe as quick-filver, they would not 


have much leſs reſiſtance than quick. 
«« Uver; 
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PxzumartIs larly of the air; whence it would not confute them to prove, that in Our 


receiver, when moſt thoroughly exhauſted, there is not one great and ab. 
ſolute vacuity; or, as they ſpeak, a vacuum coacervatum; ſince ſmaller 
and diſſeminated vacuities would ſerve their turn. And therefore they ma 
think their pretenſions highly favour'd, as by ſeveral particular effects, ſ% 
by this general phenomenon of our engine, that the common, or atmo- 
ſpherical air, which, before the pump was work*d, poſſeſſed the whole ca- 
vity of our receiver, is, by the contrivance of the pump, made in a great 
meaſure to paſs out of the cavity into the open air, without being able, 
at leaſt for a while, to get in again; yet it does not appear, by any thing 
Mr. Hobbs has alledg'd, that any other body fucceeds, adequately to fill 
the ſpaces deſerted by ſuch a multitude of aerial corpuſcles. 

And tho? he endeavours to prove our receiver to be always full of air, 
yet that the. common air cannot enter thro? the pores of glaſs, appears 
by the following experiment. We took a bubble of thin white glaſs,abour 
the bigneſs of a nutmeg, with a very ſlender ſtem, 4 or 5 inches long, 
and of the thickneſs of a crow's quill; and holding the end of this ſtem 
in the flame of a lamp, blown with a pair of bellows, it was readily ſeabd 
up; and preſently the ſpherical part of the glaſs being held by the ſtem, 
was kept turning in the flame, till it became red hot, and ready to melt; 
then being a little removed from the heat, as the included air began to 
loſe of its agitation and ſpring, the external air manifeſtly and conſidera. 
bly preſſed in one of the ſides of the bubble. But the glaſs being again, 


ec conſiſts. And as it is of no uſe, and 


4 filver ; if abſolutely denſe, or full of mat- | hinders th f d 
4 hinders the operations of nature, an 


6 ter, without any vacuum, let the matter 


% be never ſo ſubtile and fluid, they would 
have a greater reſiſtance than quick-ſilver. 
« A ſolid globe, in ſuch a medium, would 
© loſe above half its motion, in moving 
* three times the length of its diameter; 
* and a globe not ſolid, ſuch as are the 
% planets, would be retarded ſooner. And 
*c therefore to make way for the regular, 
and laſting motions of the planets and 
** comets, it is neceſſary to empty the hea- 
“ vens of all matter, except perhaps ſome 
« very thin vapours, ſteams, or effluvia, 
, arifing from the atmoſphere of the earth, 
ws Prana, and comets. A denſe fluid can 
be of no uſe for explaining the pheno- 
«© mena of nature, the motions of the pla- 
<c nets and comets being better explained 
without it. It ſerves only to diſturb and 
© retard the motions of thoſe great bodies, 
*© and make the frame of nature languiſh; 
* and in the pores of bodies, it ſerves onl 

to ſtop the vibrating motion of their 
parts, wherein their heat and activity 


« makes her languiſh ; ſo there is no evi- 
4 dence for its exiſtence, and therefore it 
© ought to de rejected. 


« If all ſpace was Uõy full, the ſpe- 
«. ch. or of the Avid, 4 the 
“ region of the air is filled, would, by rea- 
«© ſon of the vaſt denſity of its matter, be 
« ag heavy in ſpecie as quick- ſilver, gold, 
* or any other the moſt denſe body; 
„ whence neither gold, nor any other 
« matter, would deſcend in that air; for 
& no bodies deſcend in fluids, that are not 


«« ſpecifically Iighter than they.” 


It is farther demonſtrable, that all bodies 
have more. pores than ſolid parts ; and that 
ſome have infinitely more pores than 0- 
thers; whence ariſes another proof of a 
vacuum. See Newton. Optic. p. 310, 311, 
os Princip. p. 316, 317. 328. 342, 343. 
368. 
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before the cold crack'd it, held, as before, in the flame; the rarified air - 


d plump'd up the bubble; which, being the ſecond time re- 
— Wer 4 and being, the third time, brought 
back to the flame, ſwell'd as before, and remov'd, it was again com- 
preſſed; till at length, having fatisfied ourſelves, that the included air was 
capable of being condens'd, or dilated, without the ingreſs or egreſs of 
air, properly ſo called, we held the bubble ſo long in the flame, 
ſtrenghtened by nimble blaſts, that not only it had its ſides plump'd up, 
but a hole violently broken in it, by the over-rarified air, tho? till then, 
it was no way crack'd. ; . 

Hence, it eaſily appears, how impervious our thick pneumatic recei- 
vers are to common air; ſince a thin glaſs bubble, when its pores were 
opened, or relaxed by flame, would not give paſſage to the ſpringy par- 
ticles of the air, tho? violently agitated: for, if theſe particles could have 
got out of the pores, they never would have broke the bubble; nor, pro- 
bably, would the compreſſion, that afterwards enſued, of the bubble, by 
the ambient air, be check'd near ſo ſoon, if thoſe ſpringy corpuſcles had 
not remained within to make reſiſtance. 

Yet, what I principally deſign'd, in this experiment, was to ſhew, 
prove at once, by an inſtance not liable to the ordinary exceptions,. the 


and De Nature of 


and condenſa- 


true nature of rarifaction, and condenſation, at leaſt, of the air: for, tis ian. 


here plain, that when the bubble, after the glaſs had been firſt thruſt in, 
towards the center, was expanded again by heat, the included air poſ- 
ſeſſed more room than before; yet it could perfectly fill no more room 
than before; each aerial particle taking up, both before and after the heat- 
ing of the bubble, a portion of ſpace adequate to its own bulk: ſo that 
in the cavity of the expanded bubble, we muſt either admit vacuities inter- 
ſpers'd between the corpuſcles of the air; or allow, that ſome fine particles 
of the flame, or other ſubtile matter, came in, to fill up thoſe interſtices 
which matter muſt have enter*d the cavity of the glaſs at its pores. And, 
afterwards, when the red-hot bubble was remov'd from the flame, it is evi- 
dent, that ſince the groſſer particles of the air could not get thro” the glaſs, 
which they were unable to do, even when vehemently agitated by an am- 
bient flame, the compreſſion of the bubble, and the condenſation of air, 
neceſſarily conſequent upon it, cou'd not, ſuppoſing the plenitude of the 
world, be perform'd without ſqueezing out ſome of the ſubtile matter, 
contained in the cavity of the bubble, whence it could not iſſue but at the 
pores of the glaſs. 


Mr. Hobbs is pleaſed to compare our pneumatic engine to a pot-gun, and The preſſure of 
attributes the phenomena, exhibited in the exhauſted receiver, to the ex- % air mani- 
panſive endeavour of the air outwards: I ſhall, therefore, ſhew, that there“?! 4 be 


is, in our exhauſted receiver, no ſuch ſtrong endeavour outwards, as he 
ſuppoſes; but that the weight of the atmoſpherical air, when *tis not re- 
ſiſted by the counter preſſure of any internal air, is able to perform what 
a weight of many pounds would not ſuffice for. Glaſs not being a yield- 
ing body, cannot, by the alteration of its figure, from an external uni- 

form 


eye. 
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Pxzvnatics form preſſure, ſhew when ſuch an one is exerciſed upon it; and therefore 
inſtead of a receiver of glaſs, we provided one of pewter, and applied i 
to the engine after the uſual manner. And tho? the inverted veſſel, by re. 
ſon of its ſtiffneſs, thickneſs, and the convexity of its ſuperficies, were 
ſtrong enough to have ſupported a great weight, without changing its fi. 
gure; yet as ſoon as by an exſuction or two, the remaining part of the in. 
cluded air was brought to ſuch a degree of expanſion, that its weakeneq 
ſpring was able to afford little affiſtance to the tenacity and firmneſs of the 
metal, the weight of the pillar of the incumbent atmoſphere, preſently 
depreſſed the upper part of the veſſel ; at once leſſening its capacity, and 
changing its figure; ſo that inſtead of the convex ſurface, it gain'd a con- 
cave one. The experiment ſucceeded alſo with a common pewter porrin- 
ger. And ſometimes I found alſo, that the veſſel would be thruſt in, not 
at the top, but'on the ſide, if that were the only part made too thin to 
reſiſt the external preſſure. 


—— air Mr. Hobbs afterwards proceeds to the Torricellian experiment, which he 
e err ales 


uick-filver in L 4 ny 3 A 
2 Torricet. to prove, that air may paſs thro? quick-ſilver, becauſe a blown bladder, 


will needs have performed by means of air in the tube; and attempts 


lian experi- forcibly detained under it, will of itfelf emerge, when the detaining force 


. is removed. | 


This I confefs is ſurprizing. It concern*d Mr. Hobbs to prove, that as 
much air as was diſplaced by the deſcending mercury, did, at the orifice 
of the tube, immerſed in ſtagnant mercury, inviſibly aſcend to the upper 
part of the pipe; and he tells us, that a bladder full of air being depreſ- 
fed in quick-ftlver, will, when the hand that depreſſed it is removed, be 
ſqueezed up by the very weight of the mercury; whence it follows, that 
air may penetrate quick-ſilver. But who ever deny'd that air, ſurrounded 
with quick-filver, may thereby be ſqueez*d upwards? And fince even 
very ſmall bubbles of air may be ſeen to move in their paſſage thro! mer- 
cury, how will this example help Mr. Hobbs? For it is by mere accident 
that the air included in the bladder comes to be buoy'd up, becauſe the 
bladder itſelf is ſo ; and if it were filled with water inſtead of air, or with 
ſtone inſtead of water, it would nevertheleſs emerge, as himſelf confeſſes, 
if it were iron, or any matter, except gold; becauſe all other bodies are 
lighter in ſpecie than quick- ſilver. But ſince the emerſion of the bladder 
is manifeſt enough to the ſight, how does this prove, that the air gets into 
the Torricellian tube inviſibly, ſince our eyes diſcover no ſuch motion of 
the air, which muſt not only paſs unſeen thro? the ſuſtained quick-filver, 
but likewiſe imperceptibly dive, in ſpite of its comparative lightneſs, be- 
neath the ſurface of the ſtagnant mercury, to get in at the orifice of the 
erected tube. | | 

But to clear up this matter; having made the Jorricellian experiment 
in a ſtrait tube, after the ordinary manner, we took a piece of fine bladder, 
and raiſing the pipe a little in the ſtagnant mercury, but not ſo high 35 
the ſurface thereof, we dextrouſly convey'd it into the quick- ſilver, ſo 35 


to be apply'd by the finger to the immers'd orifice of the pipe, without oo 
tin 
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: ir get into the cavity of it; then the bladder was, cautiouſly, Polit, 
— * to the lower the of the pipe, whoſe orifice it cover'd be- 
fore, and the pipe, being now ſlowly lifted out of the ſtagnant mercury, 
the ſuſtain'd quick-filver appear'd to preſs, but very lightly upon the 
bladder; being fo near an exact equilibrium with the atmoſpherical air, 
that if the tube were but a very little inclin'd, whereby the E | 
lar gravitation of the quick-ſilver came to be ſomewhat leſſen'd, the blad- 
der would immediately be driven into the orifice of the tube, and to the | 
eye, plac'd without, appear to have acquir'd a concave ſuperficies, inſtead 
of the convex it had before. And, when the tube was again erected, the 
bladder would no longer appear ſack'd in, but be again ſomewhat protu- 
berant. And if, when the mercury in the tube was made to deſcend, 4 : 2 
little below its ſtation, into the ſtagnant quick-ſilver, the piece of blad- | 
der were, at the juncture, nimbly and dexterouſly apply'd, as before, to | 
the immers'd orifice, and faſten'd to the ſides of the pipe; upon lifting 
the inſtrument out of the ſtagnant mercury, the cylinder of quick: ſilver 
being now ſome what ſhort of its due height, was no longer able fully to 
counterpoiſe the weight of the atmoſpherical air; which, conſequently, 
tho' the glaſs were held erect, would preſs up the bladder into the orifice 
of the tube, and cauſe a cavity, ſenſible both to the eye and touch. 
This experiment fully ſhews, that the preſſure of the external air is able 
to ſuſtain a-cylinder of twenty-nine or thirty inches of mercury, and, up- 
on a ſmall diminution of the gravity of that ponderous fluid, to preſs it up 
higher into the tube. But a farther uſe may be made of it againſt Mr. Hobbs, 
Fot, when the tube is again erected, the mercury will ſubſide as low as at 
firſt, and leave as great a ſpace, as formerly was left deſerted at the top; 
into which, how' the air ſhould get to fill it, will not appear eaſy to them, 
who know, that a bladder will rather be burſt by air, than afford it paſ- 
ſage. And if it ſhould be pretended, either that ſome air from without 
had got thro? the bladder, or that the air preſum'd to have been, juſt be- 
fore, included between the bladder and the mercury, made its way from the 
lower part of the inſtrument to the upper; we reply, *tis no way likely 
that it ſhould paſs all along the cylinder operated by us; ſince when 
there are really any aerial bubbles, tho? ſmaller than pins heads, they are 
eaſily diſcernible. And, in our caſe, there is no ſuch reſiſtance of the 
air to the aſcent of the ſtagnant mercury, as Mr. Hobbs pretends in the 
Torricellian experiment, made after the uſual way. 
But further, we took a cylindrical pipe of glaſs cloſed at the upper end, 
and ſo long, that being dexterouſly bent at ſome inches diſtance ſrom the 
bottom, the ſhorter leg was gr ef men to the longer. In this glaſs, we 
found an expedient to make the Torricellian experiment; the quick-ſilver 
in the ſhorter leg ſerving inſtead of the ſtagnant portion in the uſual ba- 
roſcope; and that in the longer leg, reaching above the mercury in the 
ſhorter about eight or nine and twenty inches. Then, by another artifice, 
the ſhorter leg, into which the mercury did not riſe within an inch of the 
top, was ſo order'd, that it could in a trice be hermetically ſeal'd up; an 
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PxzvmaTIC an inch of common air being left in it, without diſordering the mercyry. 


Y. and having, in this manner, ſhut up ſuch a quantity of uncompreſs'd air 
we warily held a pair of heated tongs near the outſide of the glaſs, where. 
by, the air being agitated, was enabled to expand itſelf to double its for. 
mer dimenſions ; and conſequently had its ſpring ſo ſtrengthen'd, that it 
was able to raiſe all the quick-filver in the longer leg, and ſuſtain a mer. 
curial cylinder above nine and twenty inches high; when, were it not for 
the heat, it would have loſt half the force of its elaſticity. _ 

'Now Mr. Hobbs will find it very difficult to ſhew, what keeps the mer. 
cury ſuſpended in the longer leg of ſuch a barometer, when the ſhorter leg 
is unſtopp'd, at which it may run out; ſince this inſtrument is portable, 
And when the ſhorter leg is ſeal'd, it will be very hard for Mr. Hobbs to 
ſhew there the odd motions of the air, to which he aſcribes the Torricellizy 
experiment. For if you warily incline the inſtrument, the quick-filver wil] 
riſe to the top of the longer leg, and immediately ſubſide, when the inſtry. 
ment is again erected ; and yet no air appears to paſs thro? the quick-ſilye; 
interpos'd between the ends of the longer, and the ſhorter leg. But that 
which I would chiefly take notice of in this experiment, is, that upon the 
external application of a hot body to the ſhorter leg, when ſeal'd up, the 
included air was expanded from one inch to two; and ſo rais*d the whole 
cylinder of mercury in the longer leg; and whilſt the heat continu'd un- 
diminiſh*d, kept it from ſubſiding again. For if the air were able to get, 
unſeen, thro' the body of the quick-ſilver, why had it not been much 
more able, when rarify*d by heat, to paſs thro? the quick-filver, than for 
want of doing ſo, to raiſe and ſuſtain ſo great a weight of mercury? 

How water The laſt thing attempted by Mr. Hobbs, in his problems, is to account 
comes to aſcend for the riſe of water into a vial plung'd therein, with the mouth downwards, 
2 ou after ſome air has been ſuck'd out of it: where he demands, upon ſuppo- 
air is drawn ſing a Vacuum, and, conſequently, interſpers'd vacuities in the air of the 
out, vial, ©* how it happens, that the water would not aſcend before the ſucti- 
on was made? To this the vacuiſts will eaſily anſwer, by acknowledging, 

that there were, indeed, interſpers'd vacuities in the air contain'd in the 

via} before the fuction; but adding that there was no reaſon why the water 

ſhould afcend to fill them, becauſe, being a heavy body, it cannot riſe of 

itſelf, but muſt be rais'd by ſome prevalent weight or preſſure, which was 

then wanting. Beſides, there being interſpers'd vacuities, as well in the 

reſt of the air that was very, near the water, as in that contain'd in the 

vial, there is no reaſon why the water ſhould aſcend to fill the vacuities 

of one portion of air, rather than that of another. But when once, by 

ſuction, many of the aerial corpuſcles were made to paſs out of the vial, 

the ſpring of the remaining air being weaken'd, whillt the preſſure of the 

ambient air, which depends upon its conſtant gravity, is undiminiſh'd, the 

ſpring of the internal becomes unable to reſiſt the weight of the external 

air; which is therefore able to impel the interpos'd water, with ſome vio- 

lence, into the cavity of the glaſs, till the air, remaining in that cavity, 

being reduced almoſt to its uſual denfity, is able, by its ſpring, N 
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weight of the water got up into the vial, to hinder any more from aſcend- F 
ing. For, as to what Mr, Hobbs affirms, that the perſon, who ſucks ©" + 
« the vial, draws nothing into his ſtomach, lungs or mouth; how he 

will reconcile this with what he elſewhere delivers about, ſuction, I leave 

him to conſider. I cannot, however, but wonder at his confidence, who 

can poſitively aſſert a thing ſo repugnant to the common ſentiments of 

men of all opinions, without offering any proof for it. But, I ſuppoſe, 

they who are, by trial, acquainted with ſuction, and have felt the air 

come in at their mouth; will prefer their own experience to his authority. 

And as to what he adds, that the perſon who ſucks agitates the air, and 

turns it within the vial into a kind of circulating wind, that endeayours 

every where to get out; I wiſh he had ſhewn us, by what means a man in 
ſucking makes this odd commotion in the air, eſpecially, in ſuch vials as 1 

employ about this experiment, the orifice whereof is ſometimes leſs than 

a pin's head. L ; . | | 

But that real air may be extracted, by ſuction, out of a glaſs, appears 
by an experiment made with a receiver exhauſted by our pump; and, 
conſequently by ſuction. For, when we had counterpois'd it in very nice 
ſcales, and, afterwards, by turning a ſtop-cock, let in the outward air, 
there ruſh'd in as much to fill the ſpace deſerted by the evacuated air, as 
weigh'd ſome ſcruples, tho? the receiver were not of the largeſt ſize. 

Mr. Hobbs pretends, that as ſoon as the neck of the vial is unſtopt un- 
der water, the air that whirl'd about before, makes a ſally out, and forces 
in as much water. But if the orifice be any thing large, you will, inſtead 
of feeling an endeavour to thruſt away your finger that ſtopt it, find the 
pulp of it ſo thruſt inward, as to appear to be ſuck'd in. And this may 
be the reaſon why the lip of him who ſucks, is often ſtrongly faſten'd.to 
the orifice of the vial's neck; which Mr. Hobbs aſcribes to a moſt exquiſite 
contact, but without clearly telling us how that extraordinary contact is 
effected. And, when your finger is remov'd, inſtead of perceiving any 
air go out of the vial thro* the water; which, if any ſuch FE be 
would eaſily be diſcover'd by the bubbles; you ſhall ſee the water briſkly 
ſpring up in a ſlender ſtream. to the top of the vial; which it could not do, 
if the cavity were already full of air. And, to prove when the air really 
paſſes in and out of the vial immers'd under water, that *tis very eaſy to 
perceive its motions z if you dip the neck of the vial in water, and then 
apply to'the globular part of it, either your warm hands, or any other. 
competent heat; the internal air being rarify'd, a portion of it, anſwer- 
able to the degree of heat apply'd, will manifeſtly paſs thro' the water in 
ſucceſſive bubbles, whilſt yet no water gets into the vial to fill the place 
deſerted by that air. And if, when you have fill'd the neck, and part of 
the belly of the vial with water, you immerſe the orifice into ſome that is 
ſtagnant, and apply your warm hands to the ſpherical part as before; 
the water in the vial will be driven out, before any bubbles paſs out of the 
vial into the ſurrounding water; which ſhews, that the air is not ſo for- 


ward to dive under water, as Mr. Hobbs ſuppoſes © \__ 
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Prrovarrc* But to clear up this matter ſtill farther, we took a glaſs bubble with 


” ſlender cylindrical ſtem, and by applying a convenient heat to the Outſide 
of the ball, we expell'd ſo much of the air, that, when the end of the 
pipe was dipt in water, and the inward air had time to recover its former 
coolneſs, the water aſcended to the top of the pipe. This done, we gent. 


ly and warily rarify'd the air in the cavity of the bubble, till, by ie. 


anſion, it had driven out almoſt all the water, which had got up into the 
Hens ſo that it might attain, as near as poſſible, to that degree of heat 
and meaſure of expanſion it had when the water began to riſe in it. And 
we left two or three drops of water, unexpell'd, at the bottom of the 
pipe 3 to be ſure, that none of the included air was, by this ſecond rari. 
faction, driven out at the orifice of it: as the depreſſion of the water ſo 


low afſured us, on the other ſide, that the included air wanted nothing 


conſiderable of the expanſion it had when the water began to aſcend into 
the pipe. Whilſt the air was in this rarify'd ſtate, we preſently remod 
the little inſtrument, out of the ſtagnant water, into ſtagnant quick-{i. 
ver, which, in a ſhort time, began to riſe in the pipe. Wo if the aſ. 
cent of the liquor were the effect of nature's abhorrence of a Vacuun, ot 
of ſome internal principle of motion, or of the compreſſion or propaga- 
ted truſion of the outward air, by that which had been expell'd; why 
ſhould not the mercury have aſcended to the top of the pipe, as the wa- 
ter did before? Bur, in fact, it did not aſcend near half ſo far; and if the 
Pipe had been long enough, as well as *twas ſlender enough, I queſtion, 
whether the mercury would have aſcended, in proportion to the length 
of the ſtem, half ſo high as it did. | 

Now, of this experiment, which we try*d more than once, I ſee not 
how any good account can be given without our hypotheſis, according to 
which *tis clear; for the aſcent of liquors, being an effect of the prevalen- 
cy of the external air's preſſure againſt the reſiſtance it meets with in the 
cavity of the inſtrument, and the quick- ſilver being bulk for bulk many 
times heavier than water; the ſame ſurplus of preſſure that was able to 
impel up water to the top of the pipe, ought not to be able to impel up the 
quick-filver to any thing near that height. And if it be here objected, 
as it very plauſibly may, that the rais'd cylinder of mercury was much 
longer than it ought to have been, with regard to a cylinder of water, the 
proportion in gravity between thoſe two fluids being conſider'd; I anſwer, 
that when the cylinder of water reach'd to the pipe, the air poſſeſſed no 
more than the cavity of theſpherical part of the inſtrument ; being very li- 
tle affiſted to dilate itſelf by ſo light a cylinder as that of water: but when 
the quick· ſilver came to be impell'd into the inſtrument, by the weight of 
the external air; that ponderous body did not ſtop its aſcent, as ſoon as it 
came to be equiponderant to the expelPd' cylinder of water; becauſe to 
attain that height it reach*d but a little way into the pipe, and. left all 
the reſt of the cavity to be fill'd with part of that air, which former- 
Iy was all ſhut up in the bubble; by which means, the air included in 
he whole inſtrument muſt needs be in a ſtate of — T 
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the preſſure of the external air, as much as the ſame included air did be- 


fore, when it was leſs rarified: on which account, the undiminiſhed weight 


or preſſure of the external air was able to raiſe the quick- ſilver gradually 
higher, till it had obtained that height, at which the preſſure, compound- 
ed of the weight of the mercurial cylinder, and the ſpring of the internal 
air, now leſs rarified than before, was equivalent to the preſſure of the 
atmoſphere. . . | 2 

And, to confirm this experiment, by a kind of inverſion of it, we, by 
heat, drove a little air out of the bubble, and dipt the open end of the 
pipe into quick- ſilver, which, by the this means, aſcended, till it had fill- 
ed about a fourth part of the pipe when held erect. Then, carefully, re- 
moving it, without letting fall any quick- ſilver, or letting in ay air, 
we held the orifice of the pipe a little under the ſurface of a glaſs full of 
water; and applying a moderate heat to the outſide of the ball, we wa- 
rily expelled the quick-fi]ver, yet leaving a little, to be ſure, that no air 
was driven out with it; then ſuffering the included air to cool, the exter- 
nal made the water, not only aſcend to the very top of the pipe, and 
thence ſpread itſelf a little into the cavity of the ball, but carried up 
before it, the quick-ſilver that had remained unexpelled at the bottom of 
the ſtem. And, if, in making the experiment, we firſt rais*d, as we 
ſometimetimes did, a greater quantity of quick-ſi]ver, and afterwards 
drove it out; the quantity of water that would be impelled into the ca- 
vity of the pipe, and ball, was accordingly increaſed. 

In this experiment, it is manifeſt, that ſomething is driven out of the 
cavity of the glaſs, before the water or quick-filver begins to aſcend in it. 
And here, alſo, we ſee not, that the air can paſs thro? the pores of quick-' 
ſilver or water, but that it drives them on before it, without eaſily mixi 
with them. And there appears no circular wind, as Mr. Hobbs fancies in 
the ſucked vial, nor any tendency outwards of the included air, upon the 

account of ſuch a wind: but that inſtead of theſe, the aſcent of the li- 
quors into the cavity of the pipe, depends upon the external air preſſing 
them up, appears from hence, that the fame weight of the atmoſphere, 


- 


impelPd into the pipe ſo much more of the lighter fluid, water, than of 


the heavier, mercury, 


And that there is no need of the ſallying of air out of a vial to make 
the atmoſpherical air preſs againſt a body that cloſes the orifice of ir, 
when the preſſure of the internal air is much weakened, I have ſhewn, by 
ſucking out, by the help of an inſtrument, a conſiderable portion of 
the air contained in a glaſs: for having then, inſfead of unſtopping the 
orifice under water, ſuddenly apply*d a flat body to it, the external air 
preſs'd that body ſo forcibly againſt it, as to keep it faſtenꝰd and ſuſpended, 
tho” it were clogged with a weight of many ounces. Or if there be ſuch a 
circular wind, as Mr. Hobbs pretends, produced by ſuction, in the cavity 
of the vial, it muſt needs be ſtrangely laſting. For I have ſeen more than 
once, that when, by an inſtrument, much air has been ſucked out of 0 
vial, 
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thereby have its ſpring weaken' d, and, conſequently, diſabled to reſiſt 9 
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months; yet, when *twas open'd under water, a convenient quantity of li- 
quor would be briſkly impell'd up into the neck and belly of the vial, 

And, having with the ſun-beams produced ſmoke in one of thoſe wel]. 
ſtopp'd vials; this circular wind did not at all appear to blow it about, 
but ſuffer*d it to riſe, as it would have done, if the included air had been 
very calm. 01. IAB mene 

I ſhall add but one experiment more, which will not be liable to ſome 
of the objections, invalid as they are, that Mr. Hobbs has alledg'd in his 
account of the ſuck*d vial; and which will ſhew, that the weight of the 
atmoſphere is a very conſiderable thing; and alſo, that whilſt Mr. Hob}; 
does not admit a more ſubtile matter than common air to paſs thro? the 
pores of cloſe and ſolid bodies; the air he has recourſe to, will ſometimes 
come too late to prevent a Vacuum. Having caus'd an æolipile very light, 
conſidering its bulk, to be made by a famous artiſt, I had occaſion to put 
it ſo often into the fire, for ſeveral trials, that the copper ſcal'd off by 
degrees and left the veſſel much thinner than when it firſt came out of the 
artificer's hands; and now, after a long interval, I had occaſion to em. 
ploy it, as formerly, to weigh the air it would contain. To make this 
experiment the more exactly, the air was, by a ſtrong fire, carefully dri- 
ven away; when clapping a piece of ſealing-wax to the pin-hole, at which 
it had been forced out, we prevented a communication betwixt the cavity 
of the inſtrument, and the external air; and ſuppoſing the æolipile to be 
very well exhauſted, we laid it by, that when it ſhould be grown cold, 
we might, by opening the orifice again, let in the outward air, and ob- 
ſerve what increaſe of weight it would make. But the inſtrument had 
been ſo far exhauſted, that what air remained, being unable by its ſpring 
to aſſiſt the æolipile to ſupport the weight of the ſurrounding air; this ex- 
ternal fluid did, by its weight, ſo ſtrongly compreſs it, and thruſt it ſo 
conſiderably inwards, and, in more than one place, ſo change its figure, 
that when I ſhewed it to the Gentlemen aſſembled” at G#e/am College, 
they were pleaſed to command it of me, to be kept in their repoſitory. 
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it will be requiſite to premiſe ſomething about the latter, in order Atractiun. 
to clear the nature of the former. The cauſe, nature, and notion | 
of attraction, are generally either left untouch'd, or happen to be but 
very obſcurely delivered. 95 a bas 
How general and ancient ſoever the common opinion may be, that at- 
traction is a kind of motion quite different from pulſion, I:confeſs it ſeems 
to me a ſpecies of pulſion, at leaſt among inanimate bodies. I have not 
yet obſerved any thing which ſhews attraction cannot be reduced to pul- 
ſion; for they ſeem but extrinſical denominations of the ſame local mo- 
tion, in which, if a moved body precede the movent, or tend to get at a 
greater diſtance from it, we call it pulſion; and if, upon account ef the 
motion, the ſame body follow the movent, or approach to it, attraction. 
But this difference may conſiſt only in an accidental reſpect, which does 
not phyſically alter the nature of the motion, but is founded upon the re- 
ſpect which the line, wherein the motion is made, happens to have to the 
ſituation of the movent. And that which ſeems to have been the chief 
cauſe of miſtaking attraction, for a motion oppoſite to pulſion, is, that 
men look upon both the moving, and moved bodies, in a popular and ſu- 
perficial manner; and conſider in the movent, rather the ſituation of the 
conſpicuous, and more bulky part of the agent, than the ſituation of that 


part of it which immediately impreſſes the motion upon the mobile. 
: Whoever 


8 UCTION being generally look'd upon as a kind of attraQtion, 25, Mis ,- 
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Whoever attentively regards this, may eaſily obſerve, that ſome part 
of the body, or of the inſtrument, which, by reaſon of their conjunction 
in this operation, is to be look*d on as but making one with it, is real] 
placed behind ſome part of the body to be drawn; and therefore cannot 
move onwards itſelf, without thruſting the body forward. Thus when a 
man draws a chain after him, tho' his body precede the chain, yet his 
finger, or ſome other part of the hand, wherewith he draws it, has ſome 
part or other which reaches behind the fare-part of the firſt link; and 
the hinder part of this link comes behind the firſt part of the ſecond 
link ; and 15 each link has one of its parts placed behind ſome part of 
the next link after it, till you come to the laſt link of all. And ſo 
as the finger that is in the firſt link, cannot move forwards but it muſt 


thruſt on that link, by this ſeries of truſions the whole chain is thruſt 


forwards 3 and if any other body be drawn by that chain, you may 
perceive ſome part of the laſt link comes behind ſome part of that body, 
or of ſome intervening body, which, by its coheſion with it, ought, in 
our preſent caſe, to be conſidered as part of it. And thus attraction 
ſeems to be but a ſpecies of pulſion, and uſually belongs to that kind 
of it, which, for diſt inction ſake, is called truſion; whereby we un- 
derſtand that kind of pulſion, wherein the movent goes along with the 
moved body, without quitting it, whilſt the progreſs laſts ; as happens 
in propelling a wheel-barrow, without letting go the hold of it. 

But it may be ſaid, there are attractions where it cannot be pretended 
that any part of the attrahent comes behind the attracted body; as 
in magnetical and electrical attractions; and in that which is made of 


_ water, when drawn up into ſprings and pumps. Now the Carigſian, 


and other modern philoſophers, have recourſe either to ſcrew'd parti- 

cles, and other, magnetical emiſſions, to ſolve phenomena of this kind; 

and according to ſuch hypotheſes, we may ſay, that many of theſe 

magnetical and electrical effluvia, come behind ſome parts of the at- 

tracted: bodies; or at leaſt of the little ſolid particles, that are, as it 
were, the walls of their pores; or procure ſome diſcuſſion of the air, that 
may make it thruſt the moveable towards the load - ſtone, amber, &c. 
But if there were none of theſe, nor any other ſubtile agents, to cauſe this 
motion, by a real, tho* unperceived pulſion, I ſhould make a diſtinction 
betwixt other attractions, and theſe which I ſhould then call attractions 
by- inviſibles. However, in raiſing water into the barrel of a ſyringe, 
there is no true attraction made of the liquor. For by the aſcending 
rammer, as a part of which I here conſider the obtuſe end, plug, or ſuck- 
er, there is no attraction made of the contiguous and ſubjacent water, 
but only room made for it to riſe into, without being expoſed to the 
preſſure of the ſuperior air. For if we ſuppoſe the whole rammer to 
be annihilated, and: conſequently incapable of exerciſing any attra- 
ction; yet, provided the ſuperior air were kept off from the wat*! 
by any other way, as well as it was by the rammer, the liquor wou! 


as well aſcend into the cavity of the barrel; ſince the ſurface of ” 
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terraqueous globe, being continually preſs'd on by the incumbent atmo- Ferie, 


here, the water muſt, by that preſſure, be impell'd into any cavity, 
here below, where there is no air to reſiſt it; as, by ſuppolition, there is 
not, in the barrel of our ſyringe, when the rammer was annihilated. Thus, 
if the external air, and conſequent]y, its preſſure, be, by the air-pump, 
withdrawn from about the ſyringe, you may raiſe the ſucker as much as 
you pleaſe ; but none of the ſubjacent water will follow. In ſhort, let 
us ſuppoſe, that a man, ſtanding in an inner-room, does, by his utmoſt 
reſiſtance, keep ſhut a door, that is neither lock'd, nor latch'd, againſt 
another, who, with equal force, endeavours to thruſt it open; in this 
caſe, if one ſhould forcibly pull away the firſt man, it could not be ſaid, 
that he, by his receſs from the door he endeavoua'd to preſs outward, did 
truly and properly draw in his antagoniſt, tho', upon that receſs, the 
coming in of his antagoniſt, would preſently enſue; ſo it cannot, properly, 
be ſaid, that by the aſcent of the rammer, which diſplaces the ſuperior 
air, either the rammer itſelf, or the expell'd air, properly attracts the 
ſubjacent water, tho? the ingreſs of that liquor, into the barrel, thereupon 
neceſſarily enſues. And that, as the compariſon ſuppoſes, there is a preſ- 
ſure of the ſuperior air againſt the upper-part of the ſucker, may be ea- 
ſily perceiv'd, if, having well ſtopp'd the lower orifice of the ſyringe 
with your finger, you forcibly draw up the ſucker to the top of the barrel; 
for, if then you let go the rammer, you will find it impell'd downwards, 
by the incumbent air, with a conſiderable force. 

Having thus premis'd ſomething, in general, about the nature of at- 
traction, as far as it is neceſſary for my preſent deſign, we may proceed 
to the conſideration of that kind of it, employ'd to raiſe liquors, which 
is, by a diſtin name, called ſuction. 


About the cauſe of this there is great contention, between the modern ,, 6 of 
philoſophers, and the Peripatetics. The former aſcribe the aſcent of li- iin inquir- 
quors, upon ſuction, to nature's abhorrence of a vacuum: for, ſay they, ed inte. f 


when a man dips one end of a ſtraw, or reed, into ſtagnant water, and 
ſucks at the other, the air contained in the cavity of the reed, paſſes into 
that of his cheſt; and, conſequently, the reed would be left empty, if no 
other body ſucceeded in the place it deſerts: but there are only two bodies 
that can ſucceed, the air, and the water; now the air cannot do it, be- 
cauſe of the interpoſition of the water, that denies it acceſs to the immer- 
ſed orifice of the reed; and, therefore, it muſt be the water itſelf, which, 
accordingly, aſcends to prevent a vacuum, abhorr'd by nature. 
But many of the modern philoſophers look upon this Fuga vacui as an 
imaginary cauſe of ſuction. The atomiſts, who willingly admit vacuities, 
properly ſo called, both within our world, and out of it, cannot think 
that nature dreads a vacuum, and declines her uſual courſe to prevent it. 
And the Carteſians, tho? they, as well as the Peripatetics, deny a vacuum, 
yet, ſince they affirm, not only that there is none in nature, but that there 
can be none, they will not grant nature to be ſo indiſcreer, as to ſtrain her 
ſelf to prevent the making of a thing that is impoſſible to be made. 
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Pxzoumarice The Peripatetic opinion, about the cauſe of ſuction, though common] 
WY defended by the ſchools, as well modern as ancient, ſuppoſes in nature 


ſuch an abhorrence of a vacuum, as neither has been well prov'd, nor a. 
grees with the late phenomenon of ſuction : ſince, according to their hypo- 
theſis, water, and other liquors, ſhould aſcend, upon ſuction, to any height 
to prevent a vacuum, which yet 1s not agreeable to experience. For, [ 
have carefully tried, that by working a pump, far more ſtanch than thoſe 
that are uſually made, and, indeed, as well clos'd as we could pofſib] 
bring it to be, we could not, by all our endeavours, raiſe water by ſuction 
to above 33 + feet. The Torricellian experiment ſhews, that the weight 
of the air is able to ſuſtain, and ſome of our experiments ſhew, tis able 
to raiſe a mercurial cylinder, equal in weight, to as high a cylinder of wa. 
ter, as we were able to raiſe by pumping. For, mercury being near 14 
times as heavy as water, of the ſame bulk, if the weight of the air be 
equivalent to that of a mercurial cylinder of 29, or 30 inches, it muſt he 
able to counterpoiſe a cylinder of water, near 14 times as long; that is, 
from 34, to 36 feet. And very diſagreeable to the common hypotheſis, 
but conſonant to ours, is the experiment that I have, more than once, 
made, by taking a glaſs pipe, about three feet long, dipping one end of 
it in water, and ſucking at the other, whereby the water will be, ſud- 
denly, made to flow briſkly into one's mouth; when if, inſtead of water, 
you dip the lower-end into quick- ſilver, though you ſuck as ſtrongly as 
ever you can, provided, in this caſe, as in the former, you hold the pipe 
upright, you will never be able to raiſe the quick-filver near ſo high as 
your mouth: ſo that, if the water aſcended, upon ſuction, to the top of 
the ſame pipe, becauſe there would, otherwiſe, have been a vacuum left 
in the cavity of it; why ſhould we not conclude, that when we have 
ſuck'd up the quick-ſilver as ſtrongly as we can, ſo much of the upper- 
part of the tube, as is deſerted by the air, and yet not filPd by the mer- 
cury, admits, in part at leaſt, a vacuum, as to air; of which, conſe- 
quently, nature cannot reaſonably be ſuppoſed to have ſo great and unli- 
mited an abhorrence, as the Peripatetics preſume. Yet, I will not deter- 
mine whether there be any more than many little vacuities, or ſpaces de- 
ſtitute of air, in the cavity of the pipe, unfill'd by the mercury, ſo that 
the whole cavity is not one entire empty ſpace it being ſufficient tor my 
purpoſe, that the experiment affords a good argument againſt the Peri- 
patetics ; and warrants us to ſeek for ſome other cauſe, than a Fuga vacu!, 
why a much ſtronger ſuction, than that which made the water aſcend with 
eaſe into the mouth, will not alſo raiſe quick- ſilver to near the ſame height. 
Thoſe modern philoſophers, who admit not a Fuga vacui to be the cauſe 
of the aſcent of liquors in ſuction, generally agree in referring it to the 
action of the thorax: for when a man endeavours to ſuck up a liquor, he, 
by means of the muſcles, enlarges the cavity of his cheſt ; which he cannot 
do, but, at the ſame time, he muſt thruſt away thoſe parts of the ambi- 
ent air, that were contiguous to his cheſt ; when the diſplaced air, ac- 


cording to ſome, compreſſes the contiguous air, and that, the next to it, 
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The Mature of Suction explained. 715 
and ſo onwards, till the preſſure, ſucceſſively paſſing from one part of the rie; 
air to the other, arrive at the ſurface of the liquor; ſo that all other places 
being, as to ſenſe, full, the impell'd air cannot find place, but by thruſt ing 
the water into the room made for it in the pipe, by the receſs of the air, 
that paſs'd into the lungs of the perſon. And they differ not much from 
this explanation, who, without taking in the compreſſion of the ambient 
air, made by the thorax, refer the phenomenon to the propagated motion, 
or impulſe, impreſs'd on the air, diſplac'd by the thorax, in its dilatation, 
and yet unable to move in a world perfectly fill'd, as they ſi _— ours to 
be, unleſs the liquor be impell'd as much into the cavity of the pipe, as 
faſt as tis deſerted by the air, ſaid to be ſuck*'d up. But, tho? I readily 
confeſs this explanation to be ingenious, and ſuch as I wonder not they 
ſhould acquieſce in, who are only acquainted with the obvious phenomena 
of ſuction; and tho? I am not ſure, that in the moſt familiar caſes, the 
cauſes aſſign'd by them may not contribute to the effect, yet I cannot ac- . 
quieſce in this theory: for, I think the cauſe of ſuction aſſign'd, is, in 
many caſes, not neceſſary z in others, not ſufficient. And, firſt, as to the 
condenſation of the air by the dilatation of the cheſt ; when I conſider the 
extent of the ambient air, and how ſmall a compreſſion, no greater an ex- 
panſion than that of the thorax is likely to make; I can ſcarce think ſo 
flight a condenſation of the free air, ſhould have ſo conſiderable an effect on 
the ſurface of the liquor, to be rais'd, as the hypotheſis requires : and, 
that this impulſe of the air, by the dilated thorax, though it accompanies 
the aſcent of the water, procured by ſuction, is not of abſolute neceſſity 
thereto, will, I preſume, be eaſily granted: even a propagated pulſion, ab- 
ſtracted from any condenſation of the air, is not ſo neceſſary, but that the 
effect may be produc'd without it. Now, ſuppoſe ſo much air as is diſ- 
Placed by the thorax, annihilated, yet the aſcent of the liquor would ſtill 
enſue; for, when a man begins to ſuck, there is an equilibrium between 
the preſſure which the air contain'd in the pipe has, by virtue of its ſpring, 
upon that part of the ſurface of the water, that is ſurrounded by the ſides 
of the pipe, and the preſſure which the atmoſphere has, by virtue of its 
weight, upon all the reſt of the ſurface of the ſtagnant water: ſo that 
when, by the dilatation of the thorax, the air, within the pipe, comes to 
be rarified, and, conſequently, to loſe of its ſpring, the weight of the ex- 
ternal air continuing, in the mean time, the ſame ; it muſt neceſſarily hap- 
pen, that the ſpring of the internal air will be too weak to balance, any 
longer, the gravitation of the external; and, conſequently, that part of 
the ſurface of the ſtagnant water, which is included in the pipe, being 
leſs preſs'd upon than all the other parts of the ſame ſurface, muſt neceſ- 
farily give way, and, therefore, be impell'd up into the pipe, where the 
air, having had its ſpring weaken'd, is no longer able to reſiſt it, as be- 
fore. Thus, conceiving that, within a chamber, three men thruſt all to- 
gether, with their utmoſt force, againſt a door, to keep it ſhut, at the 
ſame time that three others, of equal ſtrength, endeavour to thruſt it open 
though, whilſt their oppoſite endeavours are equal, the door will continue 
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Pxxvmarticiſhyt, yet if one of the three men, within the room, ſhould ceaſe to ag 
there would need no new force, in the three men, to make them Prevail 
and thruſt open the door, againſt the reſiſtance of the two. 

The long neck of a glaſs bubble being ſeal'd up, and, almoſt, all the 
air, by heat, driven out of the whole cavity thereof, the glaſs was laid a- 
ſide for ſome hours; afterwards the ſeal'd apex of the neck was broken 

1 off under water; I demand, now, of a Peripatetic, whether the liquor 

| ought to be ſuck*d, or drawn into the cavity of the glaſs; and why? If 

he ſays, as, queſtionleſs, he will, that the water wou'd be attracted to 
| hinder a vacuum, he, thereby, acknowledges, that, till the glaſs was 

1 unſtopp*d, under water, there remain'd ſome empty ſpace in it: for, till 
the ſeal'd end was broken off, the water cou'd not get in; and therefore, 
if the Fuga vacui had any thing to do in the aſcent, the liquor muſt riſe, 
not to prevent an empty ſpace, but to fill one that was made before. 

Nor does our experiment much more favour the other philoſophers, 1 

diſſent from: for there is here no dilatation made of the ſides of the glaſs, 

as in ordinary ſuction there is made of the thorax ; but only ſo much air 
driven out of the cavity of the bubble, into whoſe room, ſince neither 
common air, nor water, is permitted to ſucceed, it appears not how the 
propagated, and returning impulſe, or the circle of motion, as to com- 
mon air and water, takes place. Again, I demand, what becomes of the 
air, that has been, by heat, driven out, and is, by the hermetical ſeal, 
kept out of the cavity of the bubble? If it be ſaid, that it diffuſes itſelf 
into the ambient air, and mixes with it; this is to grant, what I contend 
for, that ſo little air, as is uſually diſplac'd in ſuction, cannot make any 
conſiderable compreſſion of the free ambient air: for, what can one cu- 
bic inch of air, which is, ſometimes, more than one of our glaſſes con- 
tains, do, towards condenſing a whole chamber full, when the expell'd 
corpuſcles are evenly diſtributed among thoſe of the ambient ? And how 
comes this inconſiderable condenſation to have ſo great an effect in every 
part of the room, as to be able there to impel into the glaſs, as much wa- 
ter, in extent, as the whole air that was driven out of the cavity of it? 
But, if it be ſaid, that the expell'd air only condens'd the contiguous air; 
tis no way probable that the expell'd particles of the air ſhould not, by 
the different motions of the ambient air, be quickly made to mix with it; 
but ſhould rather wait till the veſſels, whence *rwas driven out, were un- 
ſtopp'd again. But though this could, probably, be pretended, it can- 
not, truly, be aſſerted: for if you carry the ſeal'd glaſs quite out of the 
room, and unſtop it at ſome other place, tho* two or three miles diſtant, | 
the aſcent of the water will, as I found by trial, nevertheleſs, enſue ; in „ 
which caſe, I preſume, it cannot be ſaid, that the air expell'd out of the . | 
glaſs, and which condens'd the contiguous air, attended the bubble in all . | 
its motions; and was ready at hand, to impel in the water, as ſoon as the 3 | 
ſeal'd apex of the vial was broken off. | 
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In our own hypotheſis of ſuction, we ſuppoſe firſt, without diſputing Przvuarrce 


either the exiſtence or the nature of elementary air, that the common air 
we breathe in, and which I call atmoſpherical, abounds with corpuſcles 
not deſtitute of weight, and endow'd with elaſticity, whereby the lower 
parts, compreſſed by the weight of the upper, inceſſantly endeavour to 
expand themſelves ; by which expanſion,and in proportion to it, the ſpring 
of the air is weaken*d, the more they are permitted to ſtretch themſelves. 

Next we ſuppoſe, that the terraqueous globe, being ſurrounded with 
this gravitating and ſpringy air, has its ſurface, and the bodies plac'd on it, 
preſſed by as much of the atmoſphere, as either perpendicularly reſts on 
them, or can otherwiſe come to bear upon them. This preſſure is, by the 
Torricellian, and other experiments, found to be equivalent to a perpendi- 
cular cylinder of about 29 or 30 inches of quick-filver. 

Laſtly, we ſuppoſe, that air being contained in a pipe, or other hollow 
body, having but one orifice open to the free air, if this orifice be herme- 
tically ſeal'd, or otherwiſe clos'd, the included air, whilſt it continues with- 
out any farther expanſion, will have an elaſticity equivalent to the weight 
of as much of the outward air as did before preſs againſt it. For if the 
weight of the atmoſphere had been able to compreſs it further, it would 
have done it; and then the cloſing of the orifice, at which the internal and 
external air communicated, as it fenced the included air from the preſſure 
of the incumbent, ſo it hinder'd the ſame included air from expanding it- 
ſelf ; whence, as it was ſhut up with the preſſure of the atmoſphere upon 
it, that is, in a ſtate of as great compreſſion as the weight of the atmo- 
ſphere could bring it to; ſo being ſhut up, and thereby kept from weak- 
ening that preſſure by expanſion, it muſt retain a ſpringineſs proportio- 
nable to the preſſure it was before expoſed to. But if, as was ſaid in the 
firſt ſuppoſition, the included air ſhould come to be dilated or expanded, 
its ſpring, like that of other elaſtic bodies, would be weaken'd, anſwer- 
ably to that expanſion. | et 10 TY1Ep 

To me then it ſeems in general, that liquors are, upon ſuction, raiſed 
into the cavities of pipes, and other hollow bodies, when there is a leſs 
preſſure on the ſurface of the liquor in the cavity, than on the ſurface f 
the external liquor that ſurrounds it; whether that preſſure of thoſe parts 
of the external liquor, which are from time to time impelled up into the 
orifice of the pipe, proceed from the weight of the atmoſphere, the propa- 
gated compreſſure or impulſe of ſome parts of the air, the ſpring of the air, 
or ſome other cauſe z as the preſſure of bodies quite diſtinct from air. 

Upon a general view of this hypotheſis, it ſeems very agreeable to me- 
chanical principles, For if there be, on the different parts of the ſurface of 
a fluid body unequal preſſures, it is plain, as well by the nature of the 
thing, as by what has been demonſtrated by Archimedes, that the greater 
force will prevail againſt the leſs; and that ſuch a part of the water's ſur- 
face muſt give way, as is the leaſt preſſed, - © TE 

To proceed to ſome experiments made in favour of this hyyotheſis: 
We took a glaſs pipe bended like a ſiphon, but ſo, that the ſhorter leg was 
parallel 
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puzunar res parallel to the longer, and hermetically ſeal'd at the end; into this ſiphon 


we conveyed water, ſo that the crooked part being held downwards, the 
liquor reach'd to the ſame height in hoth legs; about an inch and an half 
of uncompreſſed air being ſhut up in he ſhorter. This little inſtrument, 
about 15 inches long, being thus prepared, it is plain, that according to 
the hypotheſis I diſſent from, there is no reaſon why the water ſhould af. 
cend upon ſuction. For the? we ſhould: admit that the external air were 
conſiderably compreſſed, or received a notable impulſe when the cheſt is 
enlarged, yet in our caſe, that compreſſion or protruſion will not reach 
the ſurface of the water in the ſhorter leg; becauſe it is there fenced from 
the action of the external air by the ſides of the glaſs, and the hermetical 
ſeal at the top; but if a perſon ſuck*d ſtrongly at the open orifice in the 
longer leg, the water in the ſhorter would be depreſſed, and that in the 
longer aſcend, at one ſuck, about an inch and a half; of which the reaſon 
is clear on our hypotheſis. For the ſpring of the included air, together 
with the weight of the water in the ſhorter leg, and the preſſure of the at- 
moſpherical air, aſſiſted by the weight of the liquor in the longer leg, ba- 
lanced one another before the ſuction began; but when afterwards, upon 
ſuction, the air in the longer leg came to be dilated, and thereby weaken- 
ed, it was render'd unable to reſiſt the undiminiſh*d preſſure of the air in- 
cluded in the ſhorter leg; which conſequently expanding itſelf, by virtue 
of its elaſticity, depreſſed the contiguous water, and made it proportion- 
ably riſe in the oppoſite leg, till its ſpring being by the expanſion gradu- 
ally more weakened, it balanced the gravitation or preſſure of the atmo- 
ſphere. And this is the reaſon why, when the perſon who ſuck'd had rai- 
ſed the water in the longer leg leſs than 3 inches higher, by repeated en- 
deavours, and that without once ſuffering the water to fall back again, he 
was not able to elevate the water in the longer ſo much as 3 inches above 
its firſt ſtation. And if in the ſhorter leg, there was only an inch and a 
quarter of ſpace left for the air; by ſeveral acts of ſuction, ſkilfully re- 
peated, he could not raiſe the liquor in the longer leg above two inches: 
becauſe by that time, the air included in the ſhorter leg had, by expand- 
ing itſelf further, proportionably weakened its ſpring, till at length it be- 
came as much rarified as the air in the cavity of the longer leg; and con- 
ſequently was able to thruſt away the water with no more force than the 
air in the longer leg was able to reſiſt. And hence it appeared, that the 
rarifaction uſually made of air by ſuction, is not near ſo great as one 
would expect; probably, becauſe by the dilatation of the lungs, the air 
being ſtill ſhut up, is but moderately rarified ; and that in the longer 
leg can by them be brought to no greater degree of rarity than the alt 
within the cheſt. For whereas the included air in our inſtrument was not 
expanded, at one ſuck, to above double its former dimenſions, and by 
ſeveral ſucceſſive ſucks was expanded, but from one inch and a half to 
leſs than 4 inches and a half, if the fuction could have been conveniently 
made with a great ſtanch ſyringe, the rarifaction of the air would probably 
have been far greater; ſince, in our pneumatic engine, air may Lg 6 
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times the ſpace it took up before. From this rarifaction of the air in both 
the legs of our inſtrument, proceeds another phenomenon readily explica- 
ble by our hypotheſis. For if, when the water was impelled up as high as 
the ſuction could raiſe it, the inſtrument were taken from the perſon's 
mouth, the elevated water would, with violence, return to its wonted ſta- 
tion. For the air, in both legs of the inſtrument, having by ſuction loſt 
much of its ſpring, and conſequently of its power of preſſing; when once 
the orifice of the longer leg was left open, the atmoſpherical air came again 
to gravitate upon the water in that leg; and the air included in the other, 
having its ſpring weakened by the preceding expanſion, was not able to 
hinder the external air from violently repelling the elevated water, till the 
included air was thruſt into the ſpace it poſſeſſed before the ſuction; in 
which ſpace it had denſity and elaſticity enough to reſiſt the preſſure that 
the external air exerciſed againſt it, thro? the interpoſed water. | 

But our hypotheſis about the cauſe of ſuction, needs only the aſſiſtance 
of our pneumatic engine. For by trials, purpoſely deviſed and carefully 
made therewith, we tound, that a good ſyringe being ſo conveyed into the 
receiver, that the open orifice of the pipe, or lower part, remained under 
water; if the engine were exhauſted, and the handle of the ſyringe drawn, 
up, the water did not follow it, which yet it would do if the external air 
were let in again. The reaſon of which is plain; for the air that ſhould: 
have preſſed upon the ſurface of the ſtagnant water having been pumped, 
out, there was nothing to impel up the water into the deſerted cavity of 
the ſyringe, till the receiver was filled with air. 

I ſhall next offer ſome eaſy experiments to make out theſe three pro- 
poſitions, 

1. That a liquor may be raiſed by ſuction, when the preſſure of the air, 
neither as it has weight nor elaſticity, is the cauſe of it. 

2. That the weight of the atmoſphere is ſufficient to raiſe up liquors 
in ſuction. 

3. That in ſome caſes there will be no ſuction, tho? there is a dilatation 
of the thorax ; and no danger of a vacuum if the liquor ſhould aſcend. 

1. And firſt to ſhew how much the riſing of liquors, in ſuction, depends 


liquor ſuck'd, there ſhould ſucceed air, or ſome other viſible body; I de- 
viſed the ſollowing experiments. We took a glaſs pipe, fit for the Torri- 
cellian experiment, but much longer than was neceſfary for that uſe ; this 
being hermetically ſealed at one end, the other was ſo bent as to be reflect- 
ed upwards, and make, as it were, the ſhorter leg of a ſiphon parallel to 
the longer; ſo that the tube was now ſhaped like an inverted ſiphon, with 
legs of a very unequal length. This we filled with mercury in an inclining 
poſture, and then erecting it, the mercury ſubſided in the longer leg, as in 
the Torriceliian experiment, and attained to between two feet and a quar- 
te, and two feet and a half, above the ſurface of the mercury in the ſhorter 


leg, 
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leg, which in this inſtrument anſwers to the ſtagnant mercury in an ording. 
ry barometer. Out of the ſhorter leg of this tube, we warily took as much 
mercury as was thought convenient; and this we did ſo as to hinder an 
air from getting into the deſerted cavity of the longer leg; by which 
means the mercurial cylinder retained the fame height above the ſtag. 
nant mercury in the ſhorter. The upper and cloſed part of this por. 
table barometer muſt have been free from common air, Bei, if gently 
inclined, the quick- ſilver would aſcend to the top of the tube; which it 
could not do, if the place formerly deſerted by it were poſſeſſed by the 
air. The inſtrument being thus fitted, I cauſed a perſon to ſuck at the 
ſhorter leg of it; whereupon there preſently enſued an aſcent of 4 or ; in- 
ches of mercury in that leg, and a proportionable ſubſidence in the longer; 
yet in this caſe the riſe of the mercury cannot proceed from the preſſure of 
the air. For the weight of the atmoſphere is fenced off, by that which 
cloſes the upper end of the longer tube; and the ſpring of the air has here 
nothing to do, ſince the ſpace deſerted by the mercury is not poſſeſſed by 
the included air; and the pulſion or condenſation of the air, ſuppoſed by 
ſeveral modern philoſophers to be made by the dilatation of the cheſt, and 
to preſs upon the ſurface of the liquors that are to be ſuck*d up, cannot 
here be pretended ; becauſe the ſurface of the liquor in the longer leg is 
every way fenced from the preſſure of the ambient air. It remains there- 
fore, that the cauſe which raiſed the quick- ſilver in the ſhorter leg, upon 
the ſuction, was the weight of the collateral quick-ſilver, ſuperior in the 
longer leg ; which being equivalent to the weight of the atmoſphere, there 
is a plain reaſon why the ſtagnant mercury in the ſhorter leg ſhould be 
raiſed ſome inches by ſuction, as mercury ſtagnant in an open veſſel will 
be raiſed by the weight of the atmoſphere, when the ſuction is made in the 
open air; for in both caſes there is a pipe that reaches to the ſtagnant mer- 
cury, and a competent weight to impel it into that pipe, when the air in 
the cavity of it has its ſpring weakened by the dilatation that accompa- 
nies ſuction. 

2. That the weight of the air is ſufficient to raiſe liquors in ſuction, may 
appear by arguments drawn from the Torricellian experiment ; and much 
more clearly from ſome we have made with our air-pump. And with the 
like view, having provided an inſtrument in imitation of the portable ba- 
rometer, lately mention*d, but whoſe legs were not ſo unequally long; and 
having in it made the Torricellian experiment, after the manner deſcribed, 
we ordered the matter ſo, that there remained in the ſhorter leg the length 
of ſeveral inches unfill'd with ſtagnant mercury. Then I cauſed a perſon 
to raiſe the quick · ſilver, by ſuction, ſo to the orifice of the ſhorter leg, 
that the orifice being ſeaſonably and dextrouſly cloſed, the mercury conti 
nu'd to fill that leg as long as we thought fit; and then having put a mark 
at the ſurface of the mercury in the longer leg, we unſtopt the orifice of the 
ſhorter ; whereupon the mercury that before filled it, was depreſſed, til! 1 
the longer leg it was raiſed 5 inches or more above the mark, and continu d 


at that height. This mercury, rais'd by ſuction, was depreſs'd, — = 
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own weight could not here make it fall; ſince a mercurial cylinder of five Pν e 


inches was far from being able to raiſe ſo tall a cylinder of mercury, as 
made a counterpoize in the longer leg; and therefore, the depreſſion we 
ſpeak of, is to be referr'd to the gravitation of the atmoſpherical air up- 
on the ſurface of the mercury in the ſhorter leg. And I ſee no cauſe to 
doubt, that if we could have procur'd an inſtrument, into whoſe ſhorter 
leg, a mercurial cylinder many inches higher might have been ſuck'd up, 
it would, by this contrivance, have appear'd, that the preſſure of the 
atmoſphere could eaſily impel up a far taller cylinder of mercury than it 
did in our experiment. For, if the gravity of an incumbent pillar of 
the atmoſphere be able to compreſs a parcel of included air as much as a 
mercurial cylinder equivalent; in weight, to between thirty and thirty- 
five feet of water is able to condenſe it, the ſame atmoſpherical cylinder 
may well be able, by its weight, to raiſe and counterbalance twenty-eight 
or twenty - nine inches of quick· ſilver, or an equivalent pillar of water in 
tubes, where the reſiſtance of theſe two fluids, to be rais'd and ſuſtain'd 
by the air, depends only upon their own unaſſiſted gravity. 
To confirm our doctrine of the gravitation of the atmoſphere, upon the 
ſurface of the liquors expos'd to it, I ſhall ſubjoin an experiment, devis'd to 
ſhew, that the incumbent air, in its uſual ſtate, would compreſs other air 
in the like natural ſtate, as much as a cylinder of twenty-eight or twenty- 
nine inches of mercury could condenſe it. But in order hereto, I ſuppoſe 
it known, that about twenty-nine or thirty inches of quick-filver will 
compreſs air ſhut up, in its uſual ſtate, in the ſhorter leg of our portable 
barometer into half the ſpace it poſſeſs'd before. 
We provided a portable barometer, wherein the mercury in the longer 
leg was kept ſuſpended by the counterpoize of the air that gravitated on 
the ſurface of the mercury in the ſhorter, which, we had ſo order'd, that 
it reach'd not, by about two inches, to the top of the ſhorter leg. Then 
making a mark at the place where the ſtagnant mercury reſted, twas ma- 
nifeſt, according to our hypotheſis, that the air in the upper part of the 
ſhorter leg was in its natural ſtate, or of the ſame degree of denſity with 
the outward air, with which it freely communicated at the open orifice of 


the ſhorter leg; ſo that this ſtagnant air was equally preſs'd upon by the 


weight of the collateral ſuperior cylinder of mercury in the longer leg, 
and the equivalent weight of a directly incumbent pillar of the atmoſphere. 
Then the upper part of the ſhorter leg that had been before, purpoſely, 
drawn out to almoſt a capillary ſmallneſs, was hermetically ſeaPd ; which, 
thoꝰ the inſtrument remain'd erect, was ſo ſuddenly done, by reaſon of 
the ſlenderneſs of the pipe, that the included air did not appear to be ſen- 
fibly heated: after this, we open'd the lower end of the longer leg with- 
out ſhaking the veſſel ; by which means, the atmoſpherical air, gaining 
acceſs to-the mercury included in the longer leg, did, by its gravitation up- 
on it, ſo compreſs the air included in the ſhorter leg, that, according to the 
eltimate we made, with the help of a ruler, it was crowded into near half 


the ſpace it took up before; and conſequently ſuffer'd a compreſſure like 
You. II. FEEL , a that, 
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s that, which a mercurial cylinder of about twenty-nine inches would have 
given it. _ 
This experiment was made a ſecond time, with like ſucceſs. 
That the aſcent 3. And to make it yet further appear, how mueh the aſcent of liquors 
of liquors, by by ſuction, depends upon preſſure, rather than upon nature's imaginary 
— 1 abhorrence of a Vacuum, or the propagated pulſion of the air; [ will 
preſſure. ſubjoin an inſtance, wherein that preſum'd abhorrence cannot be preteng. 
ed. The experiment was thus made. a 
A glaſs ſiphon, like thoſe lately deſcrib'd, with one leg far longer than 
the other, was hermetically ſeal'd at the ſhorter leg, and then, by degrees, 
we put in, at the orifice of the longer leg, as much quick-filver, as by 
its weight ſufficed to compreſs the air in the ſhorter leg, into about half 
the ſpace it poſſeſs'd before; ſo that, according to the Peripatetic do- 
ctrine, the air muſt be in a ſtate of preternatural condenſation, and that 
to a far greater degree, than *tis uſually brought by cold intenſe enough 
to freeze water. Then, meaſuring the height of the quick-ſfilver in the 
longer tube above the ſuperficies of that in the ſhorter, we found it not 
to exceed thirty inches. Now if liquors roſe, in ſuction, for fear of a 
Vacuum, there is no reaſon why this quick- ſilver, in the longer part of 
the ſiphon, ſhould not eaſily aſcend upon ſuction, at leaſt till the air in 
the ſhorter leg had regain'd its former dimenſions; fince it cannot, in 
this caſe, be pretended, that if the mercury ſhould afcend, there would 
be any danger of a Vacuum in the ſhorter leg of the tube; becauſe the 
contiguous included air is ready at hand to ſucceed, as faſt as the mercu- 
ry ſubſides in the ſhorter leg of the ſiphon, Nor can it be alledg'd, that, 
to fill the place deſerted by the quick- ſilver, the included air muſt ſuffer 
a preternatural rarifaction; ſince *tis plain, that, on the contrary, as 
long as the air continues in the ſtate whereto *tis reduced by the weight of 
the quick-filyer, it is kept in a violent ſtate of compreſſion, becauſe in 
the ſhorter leg it was in its natural ſtate, when the mercury pour'd into 
the longer leg did, by its weight, thruſt it into about half the ſpace it 
took up before. Yet having caus'd ſeveral perſons to ſuck, ſeveral times, 
as ſtrongly as they could, they were not able, ſo much as for a minute, 
to raiſe the mercury in the longer, and make it ſubſide in the ſhorter far 
more than an inch. And to ſhew that the experiment was not favoura- 
bly made for me; the height of the mercurial cylinder in the longer leg, 
above the ſurface of that in the ſhorter, was at the time of ſuction, an 
inch or two ſhort of thirty; and the compteſs'd air in the ſhorter leg was 
ſo far from having been expanded, by the exſuction, beyond its natural and 
firſt dimenſions, that it did not, when the contiguous mercury ſtood as low 
as we could make it ſubſide, regain ſo much as one half of the ſpace it 
had loſt by the precedent compreſſure; and, conſequently, was ina preter- 
natural ſtate of condenſation, when it had been freed from that ſtate as 
far as ſuction could do it. Whence it ſeems evident, that it was not ob fu- 
gam vacus, that the quick · ſilver did, upon ſuction, aſcend one inch; 5 
. 3 
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ſince there was no danger, that by ſuch an aſcent, any vacuum ſhould be 

roduced, or left in the ſhorter leg of the ſiphon. But according to our 
Fo otheſis, a clear cauſe of the phenomenon is aſſignable ; for before the 
ſuction began, there was an equilibrium between the weight of the ſupe- 
rior quick- ſilver in the longer leg, and the ſpring of the compreſſed air, 
included in the ſhorter; but when the perſon began to ſuck, his cheſt be- 
ing widened, ſome part of the air included in the upper-part of the longer 
leg, paſſed into it, and what remained, had, by that expanſion, its preſſure 
ſo weakened, that the air in the ſhorter leg, finding no longer the former 
reſiſtance, was able, by its own ſpring, to expand itſelf, and conſequently 
to depreſs the contiguous mercury, in the ſame ſhorter leg, and raiſe it 


as much in the longer. 


But here it may be objected, that if the compreſſed air in the ſhortet 


leg, had a ſpring equivalent to the weight of the mercury in the longer 
leg, why is not the mercury ſuck'd up in this inſtrument, as well as in the 
free air ? ſince, according to me, the preſſure of the included air upon the 
ſubjacent mercury, muſt be equivalent to the weight of the atmoſphere ? 
yet experience ſhews, that the weight of the atmoſphere will, upon ſuction, 
raiſe quick-ſilver to the height of ſeveral inches. 

To clear this difficulty, and ſhew that it is not inſuperable, let us conſi- 
der, that I make indeed the ſpring of the compreſſed air to be equivalent 
to the weight of the compreſſing mercury; and I have a manifeſt rea- 
ſon to do itz becauſe if the ſpring of the air were not equivalent to that 
weight, the mercury muſt neceſſarily compreſs the air further; which it 
is granted, in fact, not to do. But then, in our caſe, there ought to be 
a great difference between the operation of the ſpring of the included air, 
and the weight of the atmoſphere, after ſuction has been once begun. For 
the weight of the atmoſphere, that impels up mercury, and other fluids, 
when ſuction is made in the open air, continues ſtill the ſame ; but the 
force or preſſure of the included air, is equal to the counter- preſſure of 
the mercury, no longer than the firſt moment of ſuction ; after which, 
the force of the impriſon'd air ftill gradually decreaſes z ſince this com- 
preſſed air, being more and more expanded, muſt needs have its ſpring 
proportionably weakened ; ſo that it is no wonder that the mercury was 
not ſuck'd up any more than we have faid ; for there was nothing to 
make it aſcend to a greater height, than that at which the weakened 
ſpring of the expanded air was brought to balance the undiminiſh'd, 


and indeed ſomewhat increaſed weight of the mercurial cylinder, in the 


longer leg; and the preſſure of the cylinder of air, in the ſame leg, leſ- 
ſened by the action of him who ſuck' d. For when the orifice of this leg 
ſtood open, the mercury was preſſed upon by a cylinder of the atmoſphe- 
rical air, equivalent to about 30 inches of quick-filver 3 but by the 
mouth and action of him who ſuck'd, the tube was freed from the ex- 
ternal air; and by the dilatation of his thorax, the neighbouring air, 
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upon the ſame ſcore it ought to have aſcended 2, or perhaps more inches; P*zymartce 
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wines that had a free paſſage thro! his wind- pipe to it, was proportionab! ex. 


panded, and had its ſpring and preſſure weakened 3 by which mean the 
compreſſed air in the ſhorter leg of the ſiphon, was enabled to impel y 

the mercury, till the equilibrium was attained. And I muft here take kr 
tice, that as the quick-ſilver was raiſed by ſuction but a little way, ſo the 
cylinder raiſed was a very long one; whereas, when the mercury is ſuck'q 
up in the free air, it is ſeldom raiſed to half that length; tho?, as! noted 
before, the impellent cauſe, which is the weight of the atmoſphere, con. 
tinued {till the ſame ; but in our Gphon, when the mercury was ſuck'd u 


only an inch, the compreſſed air, poſſeſſing double the ſpace it did before 


had, by this expanſion, already loſt a very conſiderable part of its former 
ſpring and preſſure. | Feen r | 

Among the more familiar ee of the air- pump, none leaves ſo 
great a ſcruple in the minds of ſome ſort of men, as that, when one's finger 
is laid cloſe upon the orifice of the little pipe, by which the air paſſes from 


«the receiver into the exhauſted cylinder, the pulp of the finger is made to 


enter conſiderably into the cavity of the pipe; which doth not happen 
without a moderate ſenſe of pain in the lower part of the finger; for moſt 
of thoſe who are ſtrangers to hydroſtatics, perſuade themſelves that they 
feel this painful protuberance of the pulp of the finger, to be effected not 
by preſſure, but diſtinctly by attraction. 

To this we anſwer, that common air being a body not deſtitute of 
weight, the phenomenon is clearly explicable by the preſſure of it; for 
when the finger is firſt laid upon the orifice of the pipe, no pain nor ſwel- 
ling is produced; becauſe the air which is in the pipe, preſſes as well 
againſt that part of the finger which covers the orifice, as the ambient air 
doth againſt the other parts of the ſame finger. But when, by pumping, 
the air in the pipe is made to paſs out of that into the exhauſted cylinder, 
there is nothing left in the pipe, whoſe preſſure can any thing near ba- 
lance the undiminiſh'd preſſure of the external air on the other parts of 
the finger; and conſequently, that air thruſts the moſt yielding and fleſhy 
part of the finger into the place where its preſſure is unreſiſted ; that is, in- 
to the cavity of the pipe, where this forcible intruſion cauſeth pain. 

To illuſtrate this, we took a glaſs pipe, of a convenient length, open 
at both ends, whoſe cavity was near an inch in diameter. To one end of 
this pipe, we cauſed to be firmly ty'd, a piece of very fine bladder, that 
had been oil'd, to make it both very limber, and unapt to admit water 3 
and care was taken, that the piece of bladder ty*d on, ſhould be large 
enough, not only to cover the orifice, but to hang looſe, ſomewhat be- 
neath it. This done, we put the cover'd end of the pipe into a tall glaſs 
body; and the pipe being held ſo, that the end of it reach'd almoſt to 
the bottom of the glaſs, we cauſed water to be poured, both into this vel- 
ſel, and into the pipe, at its upper 1 which was left open, that che 
water might aſcend equally, both without and within ſide of it. And 


when the glaſs body was full of water, and the ſame liquor level to a 


> 
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or a little higher within the pipe, the bladder at the lower orifice was kept i 
plump; becauſe the water, within the pipe, did, by its weight, preſs 
as forcibly downwards, as the external water, in the large glaſs, endea- 
voured to preſs it inwards and upwards. Then we caus'd part of the 
water in the pipe, to be taken out of it, by a piece of ſpunge, or by ſucti- 
on with a ſmaller pipe; upon which, the water remaining in the pipe, 
being no longer able, thro? want of weight, to preſs againſt the inſide of 
the bladder, near ſo forcibly as it did before; the external water, whoſe 
weight. was not leſſen'd, preſs'd the ſides and bottom of the bladder, 
whereto it was contiguous, into the cavity of the pipe, and thruſt it up 
therein ſo ſtrongly, that the diſtended bladder made a kind of hemiſ- 
phere within the pipe.» Here, then, we have a protuberance, like that 
abovementioned of the finger, effected by pulſion, not attraction; and, 
in a caſe where there can be no juſt pretence for having recourſe to nature's 
abhorrence of a vacuum; ſince the upper orifice of the pipe being left wide 
open, the air might, freely, paſs in and out. | 
The like ſwelling of the bladder, we could procure, without taking; 
out any of the internal liquor, by plunging the pipe deeper into the water; 
for then the external liquor having by its increaſe of depth, a greater 
preſſure on the outſide of the bladder, than the internal liquor had on the 
the inſide of it, the bladder muſt yield to the ſtronger preſſure, and con- 
ſequently be impelPd up. 98 
If the bladder, lying looſe at the lower- end of the pipe, the upper -· end 
were carefully cloſed, that the air might not get out; and if the pipe, 
thus cloſed, were thruſt, almoſt, to the bottom of the water, the blad- 
der would not be protuberant inwards, as formerly; becauſe the included: 
air, by virtue of its ſpring, reſiſted, from within, the preſſure of the ex- 
ternal water againſt the outſide of the bladder. But the upper orifice of 
the pipe being unſtopp'd, the air, before compreſs'd, having liberty to ex- 
pand itſelf, and its elaſticity being weaken'd thereby ; the external water 
_ would, ſuddenly, with noiſe, drive up the bladder into the cavity of the 
Pipe, and there keep it very protuberant. N 
To obviate an objection, that might be brought, thro* want of skill 
in hydroſtatics, I caus'd ſuch a pipe, as the former, to be ſo bent, near 
the lower. end, that the orifice of it ſtood quite on one ſide, in a right 
angle. This lower-orifice being fitted with a bladder, and the pipe, 
with its contained liquor, being thruſt under water, after the former man- 
ner; the lateral preſſure of the water forced the bladder into the ſhort 
horizontal leg, and made it protuberant there, as it had done when the 
pipe was ſtreight. 
Laſtly, that the experiment might not appear confined to one liquor; 
inſtead of water, we put into the ſtreight pipe, as much red-wine as 
was requiſite to keep the bladder bulging, when near the bottom of the 
water; and then ſaw the ſuperficies of the red liquor, in the pipe, was 
much higher than that of the external water: and, if the depth of 


both 
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PxzvmaT1C both liquors, were proportionably leſſen'd, the difference of height be. 
| twixt the two ſurfaces, would, indeed, as it ought, decreaſe; but tin 
the ſurface of the wine would be the higher of the two; becauſe, being 
lighter in ſpecie, than common water, the equilibrium between the Preſ- 
ſures of the twoliquors, upon the bladder, would not be maintained, yn. 
leſs a greater height of wine ſupply*d its want of ſpecific gravity. And, 
if the pipe were thruſt deeper into the water, the bladder would be made 
protuberant inwards, as when it contained water. Tis, therefore, evi. 
dent, that theſe phenomena, without recourſe to attraction, may be ex. 
Plained barely from the equilibrium of liquors. | 
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